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Fire exclusion has altered fire regimes and forest stand structure and composition
throughout the Colorado Front Range. Past logging and livestock grazing activities have
also created a complex and variable landscape. These changes limit land managers
ability to identify and prioritize fuel reduction treatments for vegetation types at high risk
of extreme fire events. SIMPPLLE is a landscape dynamics simulation system used to
identify and prioritize fuel treatments to reduce extreme fire risk. I use my work in
developing successional pathways for the Colorado Front Range, specifically non-forest
species logic, as my professional paper. I describe SIMPPLLE, the development of
successional pathways and test the validity of SIMPPLLE simulations on two non-forest
communities.
Successional pathway development for non-forest species was developed from a
combination of geographic information system vegetation data, habitat type
classifications, scientific literature, and previous model versions, resulting in functional
groupings of low cover, high cover, and alpine/riparian graminoids. Shrubs and
woodland species were placed in 20 functional groups. SIMPPLLE simulations were
used to assess successional growth and disturbance response of mountain big sagebrush
{Artemisia tridentata ssp. vaseyand) and Wyoming big sagebrush {Artemisia tridentata
ssp. wyomingensis) communities.
Simulation results showed that non-forest species logic requires further modification.
Structural development in some communities does not follow pathway logic (i.e.,
medium structured shrub communities revert to small structure without disturbance). In
addition, disturbance response of sagebrush species does not reflect expected response.
The Succession Regeneration model component dramatically decreases sagebrush canopy
cover regardless o f fire suppression activities, and target species fail to re-establish
following disturbance. Furthermore, adjacent forests invade a majority of the target
communities within the first decade. Fire suppression and wildfire simulations excluding
the Succession Regeneration component show fire return intervals for mountain big
sagebrush are supported by the literature, while return intervals for Wyoming big
sagebrush are conflicting. Simulation results excluding the Succession Regeneration
component show increases in total sagebrush acreage regardless of treatment which is not
supported by sagebrush literature. Modification of the Succession Regeneration model
component will eliminate increases in acreage with fire suppression and match
documented species response.
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INTRODUCTION
The east slope o f the Rocky Mountains in Colorado, or the Colorado Front Range
(CFR), is a diverse region providing important natural resources and recreational
opportunities for both residents and non-residents. Like much of the American West, it is
an area experiencing extremely rapid population and economic growth. As a result,
increasing demands made on these limited resources through private land ownership,
timber harvests, and recreation pressures are creating an increasingly fragmented
landscape.
Additional vegetative complexity is manifest in the dramatic environmental
gradient created as the Rocky Mountains rise from the plains at approximately 5,200 feet
and culminating in peaks reaching over 14,000 feet. Integrated along this complex
environmental gradient disturbance phenomena continually direct and redirect vegetative
communities to the extent that Peet (1981) stated, “The coniferous forests of the Rocky
Mountains can best be described as disturbance phenomena.” Furthermore, while
ecologists are aware that fire is a natural factor in the development of these vegetation
communities, changing fire regimes have likely altered the extent and area of the various
vegetation types (Peet 1981, Korb and Ranker 2001).
Forestry practices of the early 1900s changed the influence of fire on the
landscape by suppressing lightning-ignited fire, and reduced the incidence human-ignited
fire (Romme and others 2003). These changes have led to the replacement of fireresistant species, such as ponderosa pine {Pinus ponderosa)^ with less fire-resistant
species like Douglas-fir {Pseudotsuga menziesii). In addition to species changes, fire
suppression has allowed the buildup of woody fuels, which may lead to the increased
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intensity o f forest fires today (Romme and others 2003). Furthermore, in non-forest
communities, the introduction of the aggressive annual graminoid cheat grass (Bromus
tectorum) into big sagebrush communities has increased fine fuel loads in some areas,
which has resulted in fire frequency changes. Communities that historically burned every
40 to 60 years now may bum 2 or 3 times within 10 years due to the flammability of
cheatgrass {Bromus tectorum), an introduced annual which now dominates the understory
on many sites. This increased fire frequency does not allow for the reestablishment of
big sagebrush, permanently converting these sites to annual grasslands (Howard 1999).
The complexity and extent o f the CFR, associated with the increasing human population,
complex vegetation patterns, and changes in fire regimes, challenge managers in their
efforts to manage and maintain natural resources and recreational opportunities.
In 2000, approximately 8.4 million acres burned (from 1990-1999, an average of
3.7 million acres burned annually), and approximately $1.3 billion was spent on fire
suppression in the United States (NIFC, 2001). Economic, stmctural, and forest resource
losses of this magnitude are not acceptable to the public or land managers. Land
managers understand the importance of restoring the ecological role of fire. However,
the complexity and extent o f the CFR, associated with the increasing human population,
complex vegetation patterns, and changes in fire regimes, challenge managers in their
efforts to manage and maintain forest and non-forested ecosystems. Specifically,
managers are confronted with the need to develop appropriate fuel reduction treatments
across a complex landscape often with limited spatially and temporally explicit
information. As stated previously these landscapes have altered vegetation structure
associated with changed fire regimes and/or associated with other human impacts

including introduction of non-native species. Managers must be able to identify and
prioritize fuel reduction treatments for vegetation types, and the associated mix of
vegetation types, that form a high risk of “unnatural” fire impacts, danger to communities
and the urban interface with limited budgets.
In an effort to enhance the decision making process, decision support systems
(DSS) have been developed to aid managers in making decisions which are socially
acceptable, economically feasible, and ecologically sustainable given the complexity of
current land management issues. DSS aid managers in making decisions in situations
which require human judgment, but where human information processing is limited and
obstructs the decision making process (Rauscher and Potter 2001). A subset of the DSS
is simulation software; a system by which simulation models capture qualitative and
quantitative information that describes ecological systems.
One such system, SIMPPLLE (derived from Simulating Vegetation Patterns and
Processes at Landscape Scales), a landscape dynamic simulation system (LDSS), was
selected to aid academics, ecologists, and managers in Colorado with the identification
“ ... o f forest treatments, their spatial location, and effectiveness and efficiency at
protecting the landscape from large-scale crown fire and restoring ecological
sustainability” (Kaufmann and others 2001). To facilitate this objective, the U.S. Forest
Service, Rocky Mountain Research Station (RMRS) began the development of a version
of SIMPPLLE to simulate the CFR. I developed, in cooperation with the RMRS, the
successional model pathways for forest and non-forest vegetation types found along the
CFR.

SIMPPLLE is an “expert knowledge” and literature based LDSS. The knowledge
sources for this version of SIMPPLLE were an extensive literature review of related
works ranging from forest windthrow dynamics to graminoid successional theory and
expert experience. Considering the large ecological amplitude o f the CFR,
generalizations from specific studies were made in an effort to capture the variability of
the study area. A literature review o f habitat classification manuals provided the primary
species combinations and pathway logic for the various non-forest ecological types. In
contrast, the forest pathways were adapted and modified from an existing version of
SIMPPLLE, which was based on the vegetative communities found along the east slope
of the Rocky Mountains in Montana. Modifications to these pathways were made
specifically for the CFR as the result of research conducted throughout the area. When
forest pathways were not previously available habitat classifications were consulted. Due
to these generalizations it is expected that ecologists in Colorado will find a need to
adjust the CFR SIMPPLLE version to their local environment and circumstances. It is
the goal of this project however, to capture as much of the ecological trends and
phenomena as possible to streamline the simulation process for the Colorado Front.
The initial objective of my work with SIMPPLLE was to assist and document the
development o f the successional pathways. In addition to documentation o f successional
pathways, I am incorporating a comparison of modeled ecological disturbance response
to observed ecological response for my professional paper. First, dominant species were
identified from GIS coverages and habitat type classifications for the CFR. The
dominant species were then grouped into 192 species combinations. Successional
pathways were built for the species combinations and incorporated into the SIMPPLLE

modeling system for Colorado. Finally, specific non-forest communities were modeled
and compared to observed ecological behavior to validate non-forest system logic.
This paper is divided into two sections. Section One details the processes
developed to identify and construct successional pathways for the CFR version of
SIMPPLLE and documents the procedure by which a landscape is stratified, species
identified and organized, and processes (i.e., fire, wildlife browsing, etc.) are categorized.
In the section, the compilation o f information provided by the ecological stratification,
species mixtures, and system processes which result in successional pathways is
presented. Finally, the lessons learned as a result of this process and recommendations
for improving future versions of CFR SIMPPLLE are discussed.
Section Two documents the landscape simulation process. It is important to note
that these simulations and the validation o f non-forest logic is a point in time study.
SIMPPLLE developers are continually refining and improving system logic. However,
for the purpose o f this paper I tested SIMPPLLE version 2.3.1.0 issued on December 15,
2004. Results from these trials are specific to the default parameters in this version o f the
system. I document the process used to input spatial information into the SIMPPLLE
LDSS to perform simulations on a sample landscape in south-central Colorado. Two
target communities, mountain big sagebrush {Artemisia tridentata ssp. vaseyana) and
Wyoming big sagebrush and {A. t. ssp. wyomingensis) were selected to answer the
following questions:
•

Does SIMPPLLE accurately capture the growth response of mountain and
Wyoming big sagebrush communities?

Does SIMPPLLE accurately represent differences between fire suppression
and wildfire (no fire suppression) scenarios in mountain and Wyoming big
sagebrush communities?

Background
Landscape Change in the Rocky Mountains
Vegetation change in the Rocky Mountains has been consistently documented
(Keane and others 2002, Veblen and Lorenz 1991, Amo and Gruell 1983, 1986, Amo
1983, Shinn 1980). It is also widely accepted that the ecosystems of the Rocky
Mountains evolved with fire (Keane and others 2002, USES 2000, Peet 1981). However,
the last 100 years of fire suppression, with heavy livestock use beginning in the mid1800s, and the removal of Native American cultural buming practices has altered fire
pattems in ecosystems o f the Rocky Mountains (Romme and others 2003, Keane and
others 2002). The alteration of fire pattems has led to the gradual increase of forest fuel
loads, alteration of forest stmcture, conversion o f vegetation communities, and declining
health in many forest and rangeland ecosystems (Keane and others 2002).
Fire disturbance is a fundamental process in forests and rangelands of the west.
The critical ecosystem functions of fire include recycling nutrients, regulating succession
by selecting and regenerating plants, maintaining diversity, reducing biomass, controlling
insect and disease populations, triggering and regulating interactions between vegetation
and animals, and maintaining biological and biochemical processes (Keane and others
2002). Thus the removal and/or alteration of this process has the potential to change
successional pattems and climax communities. In a study o f four vegetation
communities along an elevation gradient o f the CFR, Korb and Ranker (2001 ) found

successional trajectory for low elevation ponderosa pine, mid-elevation Douglasfir/ponderosa pine forests were inconsistent with the original trajectory hypothesized by
Marr (1961 as cited by Korb and Ranker 2001). The removal of fire from these
communities allowed for the conversion of open ponderosa pine forests at the low
elevation site into a Douglas-fir dominated stand. A similar conversion occurred in the
mid-elevation mixed forest stand. Marr’s prediction of successional trajectory for these
communities would likely have occurred if fire and insect outbreaks had remained
constant in this area (Korb and Ranker 2001).
In the Rocky Mountains, the greatest impacts o f fire exclusion occur in the low
intensity, frequent (< 25 years) fire regimes represented by ponderosa pine, shrub, and
grasslands (Keane and others 2002). Conversion of the lower foothills has often been
dramatie. Veblen and Lorenz (1991) documented the conversion of what were originally
grasslands in the early 1900s to stands of young ponderosa pine. They present three
possible explanations for the grassland conversion which initiated in the 1870s. First,
changes in precipitation/temperature towards a more mesic environment may have tipped
the competitive balance away from drought-tolerant grasses. Second, overgrazing by
livestock reduces grass vigor and canopy cover, reducing competition and exposing
mineral soil for tree establishment. However, grassland conversions continued into
grasslands after grazing was reduced or removed completely. Finally, decreased fire
frequency associated with fire suppression efforts has removed surface fires that inhibited
seedling establishment. While it is likely that all three factors play some role in grassland
conversion to ponderosa pine forest, decreases in fire frequencies appear to be the most
plausible driver of this ecological change (Veblen and Lorenz 1991).

Similarly, Bunting and others (2002) documented a potential vegetation type’
(PVT) of mesic mountain big sagebrush that has been dramatically altered by conifer
invasion. This PVT, found throughout the eastern portion of the Columbia Basin,
historically was likely a mosaic of conifers, grasslands, and sagebrush steppe
communities. Now, however, decreased fire intervals have led to continuous conifer
overstory development and establishment in adjacent sagebrush communities (Amo and
Gruell 1983, Burkhardt and Tisdale 1976). Following conversion of these sites into
conifer stands, understory species shift to those more adapted to forest environments such
as pinegrass (Calamagrostis rubescens) and western snowberry {Symphoricarpos
occidentalis) (Bunting 2002, Amo and Gmell 1986).
Furthermore, Bunting and others (2002) documented a similar trend in mesic low
sagebmsh PVT which is found at the interface with pinyon-juniper woodlands.
Historically, juniper occurred in these communities as a sparse overstory with less than 5
percent canopy cover. Recent estimates show a 10-fold increase in pinyon-juniper
communities since the late 1800s. The hypothesized reasons for the increases is
decreased fire frequencies, climate change, historical pattems of livestock grazing, and
increases in atmospheric CO 2 (Miller and Rose 1999, Miller and Tausch 2001). As a
result of these dramatic changes in ecosystem structure and composition throughout the
Rocky Mountains, it is imperative ecologists and managers consider all available

’ A “potential vegetation type” is the representation o f the biophysical properties o f a portion o f land that is
described by the successional convergence to a homogenous vegetation community (Bunting and others

2002 ).
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resources such as LDSS to aid in identifying landscape treatment opportunities that will
mitigate the effects o f changing fire regimes.

Landscape Dynamic Simulation Systems
Models of landscape change were limited by computing power and ecological
understanding until the latter half o f the 1980s. At this time a combination o f advances in
ecological understanding and the availability o f desktop computers promoted major
developments in landscape modeling (Mladenoff 2004, Mladenoff and Baker 1999).
Furthermore, the increasing complexity of land management problems and demands
created a niche for new modeling tools (Sklar and Costanza 1990). LDSS offer a
structured approach to predict a range of responses and their interactions, and to evaluate
assumptions related to pattern-process interactions (Garman 2004).
Landscape models have been characterized in many ways (Rauscher and Potter
2001, Gardner and others 1999, Baker and Mladenoff 1999, Mowrer and others 1997,
Baker, 1989). Fundamental modeling approaches are classified as either empirical and
analytical or stochastic. Empirical and analytical models are statistically driven models
that often have a single, repeatable solution. In comparison, stochastic models are
probabilistic with algorithms based on random choices. Furthermore, models may be
either spatial or non-spatial. Spatial models simulate cells or polygons as individual
entities through time. However, not all spatial models are spatially dynamic. Spatially
dynamic models not only track individual entities, they include processes that interact
with and influence other entities over time (Mladenoff 2004). Spatially dynamic models

address the significant interaction between processes and vegetation pattems (Forman
and Godron 1986).
Numerous DSS exist to aid land managers in decision-making at the ecosystem
level. Mowrer and others (1997) detailed 24 such DSS while Schuster and others (1993)
documented 250 tools for National Forest planning. DSS for natural resources are now
characterized by multi-component systems that exhibit combinations o f simulation
modeling, optimization techniques, heuristics, and artificial intelligence techniques,
geographic information systems (GIS), associated databases for calibration and
execution, and user interface components (Stock and Rauscher 1996). Despite the variety
o f modeling systems and analytical techniques employed in these systems, Mowrer and
others (1997) documented five general trends in the systems reviewed: 1) while at least
one o f the systems addressed each of the survey criteria, no system addressed all
important criteria; 2) management and ecological interaction at various scales was not
completely addressed by any of the systems; 3) the ability o f current systems to address
social and economic issues lags behind the biophysical; 4) the ability to simultaneously
consider social, economic, and biophysical issues is lacking in current systems; 5) while
group consensus building is a high priority in ecosystem management, only one system,
which is highly dependent on trained facilitation personnel, adequately addressed this
issue (Mowrer and others 1997, Rauscher and Potter 2001). Thus, no single DSS
addresses all ecosystem management issues completely; all modeling systems are
simplified abstractions o f reality (Mowrer and others 1997, Baker 1989).
Different DSS appear to specialize in different aspects of the ecosystem
management process. Many models operate at multiple spatial and functional scales
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depending on the nature of the management question, the available data, and the desired
output resolution. Rauscher and Potter (2001) proceed to aggregate the various systems
by operational scale and function. SIMPPLLE is classified as functional service model
supporting vegetation dynamics (Rauscher and Potter 2001). Other models included in
this group are Forest Vegetation Simulator (FVS), Landscape Disturbance and
Succession (LA N D IS), Columbia River Basin Succession Model (CRBSUM)^ (Rauscher
and Potter 2001, Mowrer and others 1997), Vegetation Dynamics Development Tool
(VDDT) (Beukema and others 2003), and Rocky Mountain Landscape Simulator
(RMLANDS) (McGarigal and others No Date). O f these LDSS, the major limitation is
the lack of knowledge of how and why landscapes change, and how to incorporate this
knowledge into useful models (Baker 1989).
There have been several reviews of LDSS (Shugart and West 1980, Weinstein
and Shugart 1983, Shugart 1984, Baker 1989, Mowrer and others 1997, Stock and
Rauscher 1996, Rauscher and Potter 2001, Barrett (2001), Lee and others (2003). Of
these LDSS, Lee and others (2003) identified three similar models used most often by
Forests in their planning efforts. Similarly, Barrett (2001) compared models of landscape
change including Fire Emissions Tradeoff Model (FETM), VDDT, LANDSUM, and
SIMPPLLE. FETM is non-spatial system that simulates successional pattems of
landscape change; however, its primary purpose is to compare emissions between
prescribed fire and other fire types (Barett 2001) and will not be compared to the LDSS.
Furthermore, the successional pathways used in LANDSUM and its predecessor
CRBSUM were developed from VDDT as part of the Interior Columbia River Basin

^ Renamed to Landscape Succession Model (LAN DSUM ) (Barrett 2001).
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Project and are extremely similar in content (Barrett 2001), therefore only VDDT will be
further examined. The models, VDDT /TELS A (Tool for Exploratory Landscape
Scenario Analysis), SIMPPLLE, and RMLANDS can be used to understand changes in
vegetation characteristics over time as well as portray pattems of spatial change.
While these models have the same general objectives, the different conceptual
approaches to meeting those objectives have set distinctly different model emphasis.
VDDT promotes flexibility and an open structure (Lee and others 2003) allowing for the
efficient development of vegetation classes and process relationships (Beukema and
others 2003). SIMPPLLE has a relatively sophisticated state space and ecological
resolution (Lee and others 2003) and emphasizes behavioral validity and trends (Chew
and others 2004), while RMLANDS has very high spatial resolution and elaborate spatial
processes (Lee and others 2003) to capture the range and pattems o f landscape structural
variability (McGarigal and others No Date).
Despite these conceptual differences, these systems provide similar output data.
In reviewing these systems, Lee and others (2003) established five criteria to compare
system capabilities, 1) the ability to predict known vegetation successional pathways; 2)
the ability to provide information for decision making among altemative vegetative
pathways; 3) the ability to determine necessary vegetation treatments for pathway
alteration; 4) are the systems based on current scientific literature; 5) could these systems
serve as a linear optimization model? All three of the LDSS were able to meet the
objectives of the first four questions to varying degrees. None of the systems are capable
of serving as a linear optimization system (Lee and others 2003).
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Further review of these models highlighted the strengths and weaknesses of each
system. VDDT’s strengths are the inherent flexibility in landscape states coupled with its
direct portability to other landscapes, along with the models utility as an
educational/training tool (Lee and others 2003). In addition, Barrett (2001) found VDDT
to be helpful in developing an understanding of vegetation pathways with an interface
that allows for easy alterations. In comparison, SIMPPLLE has a high level of biological
detail and some available documentation (Lee and others 2003), and is useful in visually
depicting the range of possible future vegetation (Barrett, 2001). While RMLANDS’
strengths are its high spatial resolution and direct linkages to FRAGSTATS and wildlife
habitat models that provide additional information based on the most detailed science and
methodologies (Lee and others 2003).
Drawbacks to each modeling system are few and o f minor consequence
depending on questions being asked. VDDT is less scientifically and analytically
rigorous in representing landscape relationships. Furthermore, the model needs to be
used in conjunction with TESLA to capture spatial relationships inherent in both
SIMPPLLE and RMLANDS. Whereas SIMPPLLE and RMLANDS, require the
developer to write the initial landscape pathways for new areas, significantly increasing
the time and cost associated with planning efforts (Lee and others 2003).
Barrett (2001) recommended improved documentation for VDDT and
SIMPPLLE^. VDDT is the only model with both a user’s manual and a tutorial data set.
SIMPPLLE has a draft user’s manual with training exercises. However, vegetation
pathway documentation, the result of workshops with resource specialists, is not

^ RM LANDS was not reviewed by Barrett (2001).
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available. Romme and others (2003) provided extensive documentation of the landscape
cover types and their associated logic for the Uncompahgre Plateau landscape in
southwestern Colorado for RMLANDS. Documentation of this nature supplies decision
makers with a fundamental understanding of the model, limiting the “black box” notion
associated with LDSS. Moreover, thorough documentation provides an avenue for peer
review, timely system updates as new research findings become available, and aid in
communication of forest dynamics with non-professionals (Barrett 2001). Given the pros
and cons of the various models, neither Lee and others (2003) or Barrett (2001) preferred
one model over the others in relation to forest planning.

Model Overview
SIMPPLLE is a management tool developed to provide an understanding of
landscape dynamics (Chew 1995). It was not designed to predict the precise location and
occurrence of landscape processes (i.e., succession, fire, insect and disease). Rather,
SIMPPLLE provides a range o f possible outcomes based on multiple stochastic
simulations. This provides a prediction of general process trends for a specific landscape.
These results can also provide a probability of occurrence for various processes and the
associated plant communities (Chew and others 2004).
As a knowledge-based system SIMPPLLE combines qualitative and experiencebased expertise with current literature to formulate system logic. RMLANDS and VDDT
are some of the other knowledge-based systems widely used (McGarigal and others No
Date, Beukema and others 2003, Lee and others 2003). The greatest limitation of these
LDSS is the burden o f model parameterization and the limited scope of scientific data
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available; therefore, there is considerable reliance on “expert” opinion to parameterize the
models (McGarigal and others No Date, Baker 1989). Despite this, Rauscher and Potter
(2001) believe that by far the larger body of what we know can only be expressed
qualitatively, comparatively, and inexactly. SIMPPLLE addresses this issue in its
conceptual design; not attempting to predict precisely when and where processes such as
fire will occur; rather to predict the behavioral trends associated with the disturbance.
The system’s emphasis is on behavioral validity, not absolute precision (Chew and others
2004).
SIMPPLLE is not like other LDSS in that it is spatially explicit. The location of
each vegetation community is unique and contains information identifying adjacent
vegetation units. Furthermore, SIMPPLLE is based on stochastic process probabilities,
not a transition matrix or numerous regression equations. The probability of a process
occurring in a vegetation unit is influenced by the surrounding units and the past process
history o f those units. This design approach loses some detail present in other modeling
systems, but provides for interactions among processes and discrete vegetation units
(Chew and others 2004).
SIMPPLLE’s structure is compartmentalized, thus allowing for system adaptation
to new areas and incorporation o f updates as a result of new research findings. The
collection of knowledge regarding vegetation community succession, change due to
ecosystem processes, the probability of processes and their spread, and the impact from
treatments is collectively referred to as system knowledge. Included in the system
knowledge is the vegetation pathways, these pathways are different than those referred to
in other systems. SIMPPLLE pathways are collections of all vegetation states
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represented by combinations o f dominate species, size class or structure, and density. In
contrast to other systems, only limited information is stored in these pathways, including
the ecosystem processes associated with the vegetation unit and the next state resulting
from a particular process (Chew pers. comm. 2004). Figure 1 displays the successional
pathways for lower montane two-needle pinyon {Pinus e^/w//5)-oneseed juniper
{Juniperus monospermd) community.
Vegetation treatments within SIMPPLLE are not part of the system knowledge.
Managers have the ability to schedule three types o f vegetation treatments: specifying
individual units by treatment and time step, specifying and acreage goal for a
combination o f special area, habitat type groups, species, size class-structure, density, and
previous processes occurrence, or allowing SIMPPLLE to select treatments based on
units with a minimum probability level for a process occurring. Treatments are applied at
the beginning o f a time step so the affected vegetation unit can be evaluated for various
processes (Chew and others 2004). As mentioned above, due to the spatially explicit
nature of the model, treatment units influence the process and spread probabilities of
adjacent vegetation units.
Fire cycles, return intervals, or fire regimes are not used in SIMPPLLE. Fire
behavior is the product o f the unique vegetation pattern across the landscape and process
logic. The probability o f fire ignition is based on the fire history of the landscape, which
is aggregated into fire management zone (FMZ). System logic uses the number of fires
for a past ten year period divided by the acreage burned. The size of any fire event is
dependent on the vegetation pattern and the probability of extreme fire spread. Extreme
fire conditions require additional model logic. The user may adjust the probability of
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extreme events such as the passage o f a weather front, or an exceptionally large fire
creating its own weather. A component for fire spotting downwind is also available.
Furthermore, fire ending probabilities determine if fire spread continues in each
vegetation unit (Chew and others 2004).
Figure 1— Screen capture showing a SIMPPLLE successional pathway for two-needle pinyon (Pinus
edulis)-oneseed juniper (Juniperus monosperma) community.
V eg etativ e P ath w ays
F3e

Pathways Knowledge Source

Current Zone Color âd o Fr ont Range

[■Habitat Type Gron»-i

Slpecics-

| lower -montane ^

ED-JUMO/SS/1
ED-JUM0/SS2AI
EO-JUMO/SS3/1

ED-JUMO/SS/2
ED-JUM 0/SS2Æ

£IWUMe?SS3/2

rP ro cessSUCCESSION

3

^UMO/MEDIUM/1
iED-JUMQME0IUM2/1

JEOJUM OAAR3E/1
^ E D -JU M 0 /lA R '3 E 2 fl
ED-JUMCVLAR'3E/2

EO-JUMO/MEDIUM/2
E0-JUM0/MEDIUM2/2
ED.JUM0/MEDIUM3/2
ED-JUM0/MEDIUM4^~
EIWUMO/MEOIUM5/2

ED.JUmPMEDIUM/3

EOJUMO/MEDIUM2/3
[EIED-JUMCVME0IUM3/3
EO-JUMOAiEOIUM4/3.

ED-JUMCVSS/3

EO-JUMO/SSarr^
^EO-JOftO/SS3>3

ED-JUMOASSM
EO-JUMO/SS2M
EO-JU

E0.JUM0/MEGWm5/3

ED JUM0/LAR'3E2C
ED-JUM(M.Aft>3E3>2
EajU M 0/LA R G E 4/2

E5-JUM0/LAR'3E>3
ED'JUM0/LARGE2/3
ED JUM0/LARGE3Q
E0-JUMCRAR'3E4/3

£JEI)-4UM0/ME DIUM6/3

EO'JUMO/MEDIUM/4
EO-JUMO/MEOIUM2/4
ED-JUMO/MEOIUM3/4
ED-JUM0/MEDIUM4M
ED-JUMO/MEOtUMSM
EO-JUMO/MEOIUM6/4__.

B E D . JU MO/LARGE/4

SIMPPLLE simulates three types of fire: light severity fire, mixed severity fire,
and stand-replacing fire. Light and mixed severity fire lifeform mortality depends on the
fire resistance of the species as suggested by Fischer and Bradley (1987), size class, and
stand density. Stand-replacing fire results in complete stand mortality. Fire suppression
logic is separate from the fire logic and is influenced by regional climate, size class, land
ownership and road status. Fires are classified as class A (0 to 0.25 acres) or larger.
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Fires larger than class A are aggregated into a “type of fire” logic in addition to
ownership, and road status (figure 2). Fire events interact with other system processes
creating a spatial pattern across the landscape.
Figure 2— Diagram of the fire process logic in SIMPPLLE.
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SECTION ONE: Pathway Development
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METHODS
The following section documents the process employed to build the vegetation
successional pathways for the CFR SIMPPLLE LDSS. This version of the system is
based on current SIMPPLLE parameters and peer reviewed literature for Colorado and
the surrounding area. Because SIMPPLLE is spatially explicit, it requires a “starting
point” or a spatially accurate representation of current vegetation. Great emphasis is
placed on the study area and accuracy of the vegetation data for that area. In this case the
entire CFR was selected as the basis for this version of the LDSS, due to available habitat
type information and GIS vegetation inventories for this area. Smaller individual study
areas were later divided for simulation interpretation and efficiency.
The process for building the CFR SIMPPLLE vegetation pathways includes:
identifying a study area or region, querying GIS vegetation themes o f the area to capture
dominant species, and establishing ecological stratification (i.e., ecological zones,
elevation zones, or habitat type groups, etc.). Habitat type classifications are then
consulted to establish species groupings and climax vegetation. The resulting list of
climax vegetation from the habitat type manuals is then compared to the dominant
species on the GIS layer to select appropriate species combinations and the resulting
successional pathways. Next, vegetative responses to natural processes (i.e., response to
fire, bark beetle, overstory shading, etc.) were established to provide behavioral
consistency throughout the system. Finally, individual species characteristics were
researched to provide behavioral context to the derived pathways. Thus, the
combination of ecological zone, habitat type, study area species, disturbance response
assumptions, and ancillary logic based on species characteristics all contribute to the
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overall vegetative pathway. System pathways are only one component of SIMPPLLE
and contain an abstraction of the knowledge necessary to describe community “states”
only (Chew pers. comm. 2004).
The methods portion of this report is divided into six subsections. We provide a
discussion about the study area, define the ecological stratification, discuss the use of GIS
data, define legal values, document the habitat types and communities found along the
CFR, and present the process logic.

Study Area
The Colorado Front Range (east slope) of the Rocky Mountains was chosen as the
study area for this project (Map 1). Over 186 miles long, the Colorado Front Range
extends firom the Laramie and Medicine Bow Ranges in southern Wyoming, south to
Arkansas River (Peet 1981). This project includes the Wet and the Sangre de Cristo
Mountains o f southern Colorado when referring to the Colorado Front Range. Four
national forests are encompassed: the Arapaho and Roosevelt National Forests (ARNF)
in the north, and the Pike and San Isabel National Forests (PSINF) to the south.
Vegetation types along the entire east slope o f the Rocky Mountains in Colorado will be
considered in the development of SIMPPLLE pathways.
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Map 1—Study Area for the Colorado Version of SIMPPLLE.
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Ecological Stratification
The selection o f ecological or life zones provides a conceptual basis for
aggregation knowledge and examining variations in vegetation (Peet 1978). Other
version of the LDSS use habitat type groups to ecologically stratify vegetative
communities. However, habitat type information was not available from the GIS
vegetation coverages for the CFR. As a result, ecological zones were selected as a means
of landscape stratification. The use of ecological or life zones in the Rocky Mountains,
as a means of communicating ecological ideas, is not new. However, there are several
versions of these zones that may lead to confusion (Peet 1978). For example, Ryan and
Barrows (1975) use the elevation zones as defined by Kelly (1970). Kelly (1970) reports
the plains zone below 6,000 feet, the foothills zone from 6,000 to 8,000 feet, the montane
zone from 8,000 to 10,000 feet, the subalpine zone from 10,000 to 11,500 feet and the
alpine zone above 11,500 feet. These zone definitions vary from the zones presented by
Romme and others (2003). Romme and others (2003) defines the various zones as:
plains zone below 5,500 feet, foothills zone from 5,500 to 6,500 feet, montane zone from
6,500 to 8,000 feet (comprised of upper and lower montane), mixed conifer zone from
8,000 to 8,500 feet, the subalpine zone from 8,500 to 11,000 feet, and finally, the alpine
zone above 11,000 feet. Possible explanation for the variation in elevation zone
definition may include: 1) improved research and vegetation delineation, and 2) differing
study area location, which may reflect vegetative transitions from southern latitudes to
more northerly latitudes.
The ecological zone definitions of Romme and others (2003) were selected as a
template for the CFR version of SIMPPLLE. Romme and others (2003) provides a
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recent and complex separation of dominant vegetation type by elevation. The lower
montane zone was delineated from 6,500 to 7,500 feet. In addition, the mixed conifer
zone was combined with the upper montane zone. The resulting zones for the CFR
SIMPPLLE version are as follows: plains (below 5,500 feet), foothills (5,500 to 6,500
feet), lower montane (6,500 to 7,500 feet), upper montane (7,500 to 8,500 feet), subalpine
(8,500 to 11,000 feet), and alpine (above 11,000 feet).

Plains
The plains zone (below 5,500 feet) is characterized by short-grass prairie.
Depending on local conditions the short-grass prairie may extend well into the foothills
zone (Costello 1944, Ryan and Barrows 1975). Dominant vegetation species in this zone
includes blue grama (Boiiteloiia gracilis)^ western wheatgrass {Pascopyriim smithii)^
needle and thread {Hesperostipa comata), and as one moves east, buffalo grass {Biichloe
dactyloides) increases in frequency and importance (Costello 1944, Ryan and Barrows
1975, Peet, 1981).

Foothills
The foothills zone, extending from 5,500 to 6,500 feet, is a very diverse zone
characterized by dense shrublands and open ponderosa pine forests. South of Denver,
pinyon pine {Pinus edulis) and Rocky Mountain juniper {Juniperus scopulorum) are
commonly found. The understory of Pinyon/Juniper is dominated by the shortgrass
species blue grama. In this type, understory condition has a pronounced effect on fire
potential. In addition, Gambel oak {Quercus gambelii) and mountain mahogany
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{Cercocarpus montanus) are locally important (Costello 1944, Ryan and Barrows 1975).
North of Denver Gambel oak becomes scarce, being replaced by mountain mahogany
(Ryan and Barrows 1975, Peet 1978). Big sagebrush species {Artemisia tridentata) also
begin to appear in northern Colorado (Hess and Alexander 1986). Intensity of fire in
shrub communities is dependent on the density and height of the brush (Ryan and
Barrows 1975).

Lower Montane
Throughout the lower montane zone (6,500 to 7,500 feet) ponderosa pine {Pinus
ponderosa) and Douglas-fir {Pseudotsuga menziesii) are the dominant overstory species.
In southern Colorado, a well-developed layer of Gambel oak often dominates ponderosa
pine forests understory (Peet 1978). In areas lacking Gambel oak, blue grama is the
dominant understory species. Throughout other parts of Colorado ponderosa pine forest
understory is locally dominated by bunchgrass species such as fescue species {Festuca
species), mountain muhly {Muhlenbergia montana), and wheatgrass species {Agropyron
species) (Costello 1944, Ryan and Barrows 1975, Peet 1981). Generally, Douglas-fir is
restricted to north facing slopes at lower elevations. Important understory species include
common juniper {Juniperus communis), kinnikinnick {Arctostaphylos uva~ursi), fivepetal
cliffbush {Jamesia americana), and sedge species {Carex species) (Ryan and Barrows
1975, Peet 1981).
Ryan and Barrow (1975) found that generally, ponderosa pine is the dominant
species below 7,000 feet and Douglas-fir dominates above 8,000 feet. Furthermore, in
southern Colorado quaking aspen {Populus tremuloides) is the most important
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successional species; whereas, lodgepole pine {Pinus contortd) becomes the dominant
successional species in northern Colorado (Costello 1964, Peet 1978).

Upper Montane
Douglas-fir and combinations of other important conifer species such as
lodgepole pine characterize the upper montane zone, ranging from 7,500 to 8,500 feet.
Douglas-fir also grows with ponderosa pine in the montane zone. As in the foothills zone,
Douglas-fir tends to be more abundant relatively cool, moist sites; whereas, ponderosa
pine tends to be more abundant on relatively warm, dry sites within this broad vegetation
zone (Ryan and Barrows 1975, Romme and others 2003). In southern Colorado the
Douglas-fir dominated montane zone includes locally important mixes of Engelmann
spruce {Picea engelmannii), subalpine fir (Abies lasiocarpa), and white fir {Abies
concolor). Further north, important mixed conifers species include lodgepole pine,
subalpine fir, and limber pine {Pinus flexilis) (Peet 1978, 1981). In the south important
understory species include Gamble oak and Arizona fescue (DeVelice and others 1986),
whereas, further north common juniper, big sagebrush {Artemisia tridentata')^ and
kinnikinnick become important understory species (Peet 1981).

Subalpine
The subalpine zone occurs from about 8,500 to 11,000 feet. Spruce tends to
dominate stands in this zone. However, given an excess of 500 years without major
disturbance, subalpine fir will likely assume dominance (Peet 1978). In addition,
bristlecone pine {Pinus aristatd) tends to dominate xeric sites in southern Colorado and
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limber pine, the same type of sites in the north (Peet 1978, 1981). Again, lodgepole pine
communities are wide-spread in the northern half of the state, mainly in the lower half of
the subalpine zone and upper montane zones following fire, where in southern Colorado,
quaking aspen is the dominant post-fire species. Along the upper subalpine zone sprucefir forests replace each other following disturbance (Ryan and Barrows 1975, Peet 1978,
1981, Romme and others 2003).

Alpine
The alpine zone, above 11,000 feet, is characterized by tundra, occasional grasses
and stunted shrubs due to the short growing season, which fails to support trees (Romme
and others 2003). Variation in the designation of the alpine (and other) zones exists.
Peet (1978) found the subalpine zone to extend to nearly 12,500 feet in southern
Colorado. Therefore, the CFR SIMPPLLE version’s alpine zone contains vegetative
pathways for species common to the upper extent o f the subalpine zone such as
Engelmann spruce and subalpine fir.

Geographic Information System
Region 2 USDA Forest Service provided vegetation data in the form of GIS
coverages, including digital elevation models (DEM), common vegetation units (CVU),
and national forest boundaries. The data was provided as Winzip files and were exported
as ESRI Arc Info (ESRI 2001) interchange files (.eOO). All data was projected in
Universal Transverse Mercator (UTM), North American Datum (NAD) 1983, zone 13
north. The data was converted from coverage format to feature classes in ArcCatalog
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(ESRI 2001). The CVU feature class for the ARNF was queried by hydrologie unit code
(6^*^ code) and regrouped into five areas to facilitate computation over such a large extent.
Next, zonal statistics were run to calculate the mean elevation of each CVU for the study
area. The resulting tables were queried by elevation zone to determine the type, density,
structure, and species found within each zone throughout the study area. A species list by
elevation zone was then compiled. Summary tables of CVU species by ecological zone
are presented in Appendix A.

Legal Values
Legal descriptions, values recognized by SIMPPLLE, for the various vegetation
types found in the study area include species name, species code, possible canopy cover
classes, vegetation structure, and vegetation types. Species name and code were
standardized to match the Natural Resources Conservation Service PLANTS database
(USDA 2004). Canopy cover classes were defined by SIMPPLLE developers and based
on current SIMPPLLE versions, while vegetation structure definitions were taken from
the CVU GIS data. Canopy cover and stand structure definitions are presented in Tables
1 and 2Canopy cover class
1
2
3
4

Percent cover
0 to 10
11 to 40
41 to 70
71 to 100

Valid processes were selected by SIMPPLLE developers and are presented in
Table 3. Tussock moth logic was produced by the SIMPPLLE developers and is not
presented in this report.
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T able 2— Stand structure definitions for the C FR SIM PPL LE version.
Lifeform
Size
SIM PPLLE code
Tree
Established seedling
E
Small
SS
MEDIUM
Medium
Medium-multistory
MMU
Large
LARGE
Large-multistory
LMU
Very large
VERY-LARGE
Very large-multistory
VLMU
Shrubs

Graminoids

Other

Small
Medium
Large
Unknown

SMALL-SH
MEDIUM-SH
LARGE-SH
UNKNOWN

Clumped

CLUMPED

Uniform

UNIFORM

Non-stocked
Non-forest

NS
NF

Source: Bowne 2004
' Diameter measured at ground level or root collar.
^Diameter measured at breast height.

Table 3— Ecosystem processes sim ulated for the C FR SIM PPLLE version*.
Process
SIM PPLLE abbreviation
Succession
SUCCESSION
Light severity fire
LSF
M ixed severity fire
MSF
Stand replacing fire
SRF
Ponderosa pine mountain pine beetle
PP-MPB
Lodgepole mountain pine beetle
LP-MPB
Spruce beetle
SPRUCE-BEETLE
Douglas-fir beetle
DF-BEETLE
Pinyon bark beetle
PIED-BB
Light western spruce budworm
LIGHT-WSBW
Severe western spruce budworm
SEVERE-WSBW
W ildlife Browsing
WILDLIFE-BROWSING
Windthrow
WINDTHROW
Wet succession
WET-SUCCESSION
Dry succession
DRY-SUCCESSION
See Colorado Front Range Processes for detailed discussion o f these processes.

29

Description
0.0 to 0.9 inches*
1.0 to 4.9 inches^
5.0 to 8.9 inches^
9.0 to 15.9 inches^
>16.0 inches^

< 2.5 feet
2.5 to 6.4 feet
>6.5 feet

Bunchgrass growth
form
Other growth forms

Habitat Types and Associations
Current versions of SIMPPLLE for Region One Forest Service are based on the
Forest Habitat Types o f Montana (Pfister and others 1977). Habitat type classifications
offer logical detailed description of stand ecology and species interactions based on
quantitative data. Thus, habitat type classifications for the CFR were used to identify
dominant forest, and non-forest types. It should be noted that habitat types with forb
dominated understories were not modeled in this version of SIMPPLLE. The omission of
forb pathways negates 12 minor habitat types across both northern and southern portions
of the CFR. However, it is possible to represent these habitat types with the associated
dominant graminoids. The following section summarizes descriptions of habitat types
found within the CFR version of SIMPPLLE and the associated pathways for each type.
Due to the technical nature of these descriptions, and the use of the scientific species
names in the system pathways, Section One will use the current accepted scientific names
as presented in the PLANTS database (USDA 2004).
Version 2.3 o f SIMPPLLE currently does not display vertical lifeform
interactions within a stand. Thus, only the dominant overstory cover is represented for
each polygon without regard as to the understory structure or species composition.
However, the final version of SIMPPLLE for the CFR will contain the logic to display
integrated lifeform associations as described in habitat type classifications. As a result,
not only will a polygon be designated as a Pseudotsuga menziesii stand, it will be labeled
as a Pseudotsuga menziesii-Physocarpus monogynus type and include important
graminoid species. Therefore, this section is included to aid in the completion o f lifeform
interactions in the final version of the CFR version of SIMPPLLE.
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The vast majority o f the competitive interactions between species were taken
from habitat type classification for the CFR. Northern CFR stand descriptions are taken
from Habitat Type Classification fo r the Arapaho/Roosevelt National Forest (Hess and
Alexander 1986) unless otherwise cited; the southern CFR stand descriptions are taken
from

Classification o f Forest Habitat Types o f Northern New Mexico and Colorado

(DeVelice and others 1986) unless otherwise cited. These works, coupled with that of
Peet (1981) provide further reference to the vegetation patterns found along the CFR
vegetation. Finally, additional habitat and community types and type descriptions were
taken from Alexander (1987) and Costello (1944).

Northern Habitat Types
The following section details the major vegetation series found along the northern
extent of the CFR. These series are further divided into habitat types. The habitat types
represented by SIMPPLLE are presented as well as the pathways which result in climax
communities. For example, the species combination Jnniperus scopidoriim-Pseudotsiiga
menziesii (JUSC2-PSMB) does not result in a Juniperus habitat type. Pathway logic
eventually results in a P. menziesii dominated site. Thus, the climax species for JUSC2PSME pathway is P. menziesii. A complete list of northern habitat types represented by
SIMPPLLE pathways is presented in Appendix B and a detailed description of these
habitat types is provided in Appendix C.
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Juniperus scopiilorum Series
Hess and Alexander (1986) documented the Juniperus scopiilorum series only
along northern portion of the CFR on the Roosevelt National Forest (RNF), They
describe three habitat types with an environmental gradient from exposed boulder and
rock outcroppings on moderate to steep slopes of the foothills and montane zones.
Tiedeman and others (1987) further delineated the Artemisia associated habitat type to a
Pseudoroegneria spicata dominated type (table 4), resulting in four possible habitat types
for this series. Two pathways represent this habitat type (table 5). The pathways are
generalized to represent all of the J. species common to the CFR. Juniperus monosperma
and J. scopulorum pathways will remain as such following succession. Other species
combination pathways will eventually transition into sites dominated by the secondary
species (i.e., JUSC-PIPO transitions to a PIPO-JUSC stand). These states are present in
the Lower Montane zone, while dominating the Plains and Foothill zones.
O ver story

Shrubs
Cercocarpus montanus
Purshia tridentata
Juniperus scopulorum
Artemisia tridentata
Artemisia tridentata ssp.
wyomingensis
Source: Hess and Alexander 1986, Tiedeman and others 1987.

SIM PPL LE code
JUMO
JUSC2

Grasses
Hesperostipa comata
Miihlenbergia montana, Carex rossii
Achnatherum hymenoides
Pseudoroegneria spicata, Bouteloua
gracilis

Species name
Juniperus monosperma
Juniperus scopulorum
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Pinus ponderosa Series
The Pinus ponderosa series occurs in much of the montane zone along the
northern CFR. Hess and Alexander (1986) documented five habitat types (table 6) within
this series. Trees of 20 to 24 inch diameter at breast height (dbh) were recorded.
Elevation ranges from 6,235 to 8,860 feet on a variety of aspects. This series is
associated with more moisture than that of the Juniperus scopulorum series. Fourteen
pathways having a P. ponderosa climax state are represented in the CFR SIMPPLLE
version (table 7). This type dominates the Foothills and Lower Montane zones and is
represented in the Plains and Upper Montane zones.
O verstory

Pinus ponderosa

Shrubs
Cercocarpus montanus
Purshia tridentata

Grasses
Carex rossii
Leucopoa kingii, Muhlenbergia montana
Muhlenbergia montana
Leucopoa kingii
Carex rossii

Source: Hess and Alexander 1986.

Table 7— SIM PPL LE pathw ays associated with Pinus ponderosa clim ax com m unities.
Species name
SIM PPL LE code
Juniperus scopulorum-Pinusponderosa
JUSC2-PIPO
Pinus contorta-Pinus ponderosa
PICO-PIPO
Pinus edulis-Pinus ponderosa
PIED-PIPO
PIFL2-PIPO’
Pinus flexilis-Pimis ponderosa
Pinus ponderosa
PlPO
Pinus ponderosa-Abies concolor
PIPO-ABCO’
Pinus ponderosa-Juniperus scopulorum
PIPO-JUSC2
Pinus ponderosa-Pinus aristata
p i p o -p i a r ’
Pinus ponderosa-Pinus contorta
PIPO-PICO'
PIPO-PIED
Pinus ponderosa-Pinus edulis
Pinus ponderosa-Pinus flexilis
P1PO-PIFL2
Pinus ponderosa-Populus angustifolia
PIPO-POAN3
Pinus ponderosa-Populus tremuloides
PIPO-POTR5
p ip o -p s m e '
Pinus ponderosa-Pseudotsuga menziesii
-T% 7"T
■
.11.
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Pseudotsuga menziesii Series
Hess and Alexander (1986) document the Pseudotsuga menziesii series
exclusively on the steep north to facing slopes in the foothills and montane zones of the
ARNF. This series is found in mesic environments from 5,470 to 8,530 feet on north
aspects. The Pinus ponderosa series is found on the xeric environments of the same
elevations. P. menziesii is represented by four habitat types (table 8). P. menziesii may
reach 16 to 20 inch dbh. Seventeen pathways, which have a Pseudotsuga menziesii
climax vegetative state, are represented (table 9). These states dominate the Upper and
Lower Montane zones and Eire represented in the Subalpine, Foothills, and Plains zones.
Shrubs

Grasses

Physocarpus monogynus
Jamesia americana

Leucopoa kingii
Carex rossii
Carex geyeri
Carex rossii

O verstory

Pseudotsuga menziesii

Source: Hess and Alexander 1986.

T able 9— SIM PPLLE pathw ays associated with Pseudotsuga menziesii clim ax com m unities.
Species name
SIM PPLLE code
JUSC2-PSME
Juniperus scopulorum-Pseiidotsuga menziesii
PICO-PSME
Pinus contorta-Pseudotsuga menziesii
PIED-PSME
Pinus edulis-Pseudotsuga menziesii
PIFL2-PSME
Pinus flexilis-Pseudotsuga menziesii
p i p o -p s m e ’
Pinus ponderosa-Pseudotsuga menziesii
POAN3-PSME
Populus angustifolia-Pseudotsuga menziesii
POTR5-PSME
Populus tremuloides-Pseudotsuga menziesii
PSME
Pseudotsuga menziesii
PSME-ABCO
Pseudotsuga menziesii-Abies concolor
PSME-JUSC2
Pseudotsuga menziesii-Junipents scopulorum
PSME-PIAR
Pseudotsuga menziesii-Pinus aristata
PSME-PICO
Pseudotsuga menziesii-Pinus contorta
PSME-PIED
Pseudotsuga menziesii-Pinus edulis
PSME-PIFL2
Pseudotsuga menziesii-Pinus flexilis
PSME-PlPO'
Pseudotsuga menziesii-Pinus ponderosa
Pseudotsuga menziesii-Picea pungens
PSME-PIPU
PSME-POTR5
Pseudotsuga menziesii-Populus tremuloides
I^
I r__________

34

Populus tremuloides Series
Hess and Alexander (1986) found the Populus tremuloides series to occur in both
the montane and subalpine forest zones throughout the ARNF. The series occupies mesic
sites with a high water table. P. tremuloides series is found at elevations from 8,040 to
9,680 feet on both sides o f the Continental Divide with the greatest occurrences in the
northwestern extent of the ANF and the northern extent of the RNF. While three habitat
types were documented by Hess and Alexander (1986) with trees to 16 to 20 inch dbh
only two types were included in the CFR SIMPPLLE version (table 10). Only one
pathway represents a climax P. tremuloides state (table 11). It is assumed that if the GIS
coverage lists associated tree species with P. tremuloides the vegetation is in a serai stage
and the associated tree species will eventually develop a climax dominant forest.

O verstory

Shrubs

Grasses

Festuca thurberi
Carex geyeri

Populus tremuloides
Source: Hess and Alexander 1986.

SIM PPL LE code
POTR5

Species name
Populus tremuloides

The successional role of P. tremuloides is not clear. Mueggler (1985a, as cited in
Hess and Alexander 1986) contends that P. tremuloides may fill the role of both climax
and serai species in the Rocky Mountains. Succession of P. tremuloides stands to conifer
stands is apparently slowed significantly by soil changes occurring as the result of the
deciduous species site occupation. It appears the origin of serai and climax P.
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tremuloides stands may be the result of repeated stand-replacing fires in coniferous
forests.
P. tremuloides forests are even-aged as the result of sprouting following
disturbance or in a stand where old trees die over a short time period. In uneven-aged
stands sprouting provides enough young trees to perpetuate the stand indefinitely. Light
flashy surface fires may promote a two story stand were sprouting is stimulated but the
overstory trees were not destroyed.

Pinus flexilis Series
Hess and Alexander (1986) define the Pinus flexilis series as having broad
elevation gradient, but a narrow environmental gradient. Habitat types in this series are
found along very rocky, windswept locations in the montane and subalpine zones of the
ARNF at elevations from 8,450 to 11,450 feet. While three habitat types were
documented by Hess and Alexander (1986) only two types were included in the CFR
SIMPPLLE version (table 12). P. flexilis was represented by sizes of 20 to 24 inch dbh.
Three pathways with P. flexilis climax vegetation are represented in the CFR version of
SIMPPLLE (table 13).
O verstory

Pinus flexilis

Shrubs

Grasses

Juniperus communis

Calamagrostis piirpurascens, Carex
rossii
Calamagrostis purpurascens

Source: Hess and Alexander 1986.

SIM PPL LE code
P1CO-PIFL2
PIFL2-P1CO
PIFL2-POTR5

Species name

Pinus contorta-Pinus flexilis
Pinus flexilis-Pimis contorta
Pinus flex il is-Popii lus tremuloides
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Pinus contorta Series
Hess and Alexander (1986) document the Pinus contorta series as a major
component of the ARNF in the upper montane and lower subalpine forest zones with
elevations ranging from 8,400 to 10,500 feet. This series, represented by four habitat
types (table 14), has trees to 16 to 20 inch dbh. It is assumed that P. contorta plays a
predominantly serai or subclimax role in this version of SIMPPLE. Therefore, P.
contorta is the climax species in only one pathway (table 15). The remaining P. contorta
pathways transition into the associated dominant species.
O verstory

G rasses

Shrubs

Juniperus communis
Pinus contorta

Shepherdia canadensis
Vaccinium scoparium

Calamagrostis purpurascens, Carex
rossii
Carex geyeri, Carex rossii
Carex geyeri
Carex geyeri

Source: Hess and Alexander 1986.

SIM PPL LE code
PICO-POTR5

Species name
Pinus contorta-Populus tremuloides

Widespread and repeated fire is often a natural component in the development of
this series throughout the ARNF. While it is still unclear whether P, contorta is a serai or
climax species, many now believe it is a climax or subclimax species in certain situations.
Moir (1969, as cited in Hess and Alexander 1986) documented climax P. contorta stands
within the upper montane zone o f the CFR. On the ARNF P. contorta was seldom found
in Pseudotsuga menziesii or Populus tremuloides forest; it was a common serai species in
Picea engelmannii-Abies lasiocarpa forest however. Serai P. contorta is more likely to
be even-aged with a high proportion of serotinous cones, while the climax P. contorta
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forests tended to have several age classes and a lower proportion of serotinous cones
(Hess and Alexander 1986).

Picea engelmannii Series
Hess and Alexander (1986) document this series as a minor type in the ARNF, but
occurring throughout the area. The series is found in the subalpine zone from elevations
o f 10,820 to 11,320 feet. This series is characterized by the absence or weak
reproduction of Abies lasiocarpa in the stands. One habitat type was reported (table 16)
with tree sizes o f 16 to 20 inch dbh. The CFR SIMPPLLE version does not capture this
habitat type because of a forb dominated understory. Nine pathways exist which
culminate in a P. engelmannii dominated state (table 17), however, the P. engelmannii
pathway later transitions to a P. engelmannii-A. lasiocarpa dominated stand. Thus, due
to the limited distribution of this habitat type, it is assumed all P. engelmannii stands are
eventually colonized by the co-climax species A. lasiocarpa and the reader is referred to
the description for the A, lasiocarpa series for further discussion of these species and
their habitat types.
O verstory

Shrubs

Grasses
Calamagrostis purpurascens

Picea engelmannii
Source: Hess and Alexander 1986.

SIM PPL LE code
PICO'
PICO-PIEN
PIEN-PIAR
PIEN-PICO
PIEN-PIFL2
PIEN-POTR5
PIFL2-PIEN
POTR5-PIEN
PSME-PIEN
' Subalpine zone only.

Species name
Pinus contorta
Pinus contorta-Picea engelmannii
Picea engelmannii-Pinus aristata
Picea engelmannii-Pinus contorta
Picea engelmannii-Pinus flexilis
Picea engelmannii-Populus tremuloides
Pinus flexilis-Picea engelmannii
Populus tremuloides-Picea engelmannii
Pseudotsuga menziesii-Picea engelmannii
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Abies lasiocarpa Series
The Abies lasiocarpa series documented by Hess and Alexander (1986) is a major
type in the high, cold coniferous forests of the ARNF. This series is dominated by A.
lasiocarpa and Picea engelmannii in the subalpine zone, and is found on all aspects at
elevations from 9,020 to 11,320 feet. It has also been reported as low as 8,000 feet and as
high as 11,500 feet in the central Rocky Mountains. Hess and Alexander (1986) note that
the habitat types in this series all list A. lasiocarpa as the climax dominant to be
consistent with habitat types identified elsewhere. However, P. engelmannii is a co
climax dominant with little evidence of its replacement by

lasiocarpa unless severe

spruce beetle infestation removes P. engelmannii. Pinus contorta and Populus
tremuloides are often present as serai species. Four habitat types are listed within the
series; however, only three types were identified for use in the CFR SIMPPLLE version
(table 18). Tree sizes of 28 to 32 inch dbh were recorded. Nine pathways culminate in
lasiocarpa climax vegetation (table 19).
O verstory

Shrubs

Grasses

Vaccinium scoparium

Carex rossii, Calamagrostis canadensis
Carex geyeri
Calamagrostis canadensis

Abies lasiocarpa
Source: Hess and Alexander 1986.

SIM PPLLE code
ABLA
ABLA-PIAR
ABLA-PICO
ABLA-PIEN'
ABLA-PIFL2
PICO-ABLA
PIEN’
p i e n -a b l a '
POTR5-ABLA
Co-climax association.

Species name

Abies lasiocarpa
Abies lasiocarpa-Pinus aristata
Abies lasiocarpa-Pinus contorta
Abies lasiocarpa-Picea engelmannii
Abies lasiocarpa-Pinus flexilis
Pinus contorta-Abies lasiocarpa
Picea engelmannii
Picea engelmannii-Abies lasiocarpa
Populus tremuloides-Abies lasiocarpa
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Pinus aristata Series
Hess and Alexander (1986) document the Pinus aristata series as a minor
component of the ARNF occurring just below timberline at elevations from 11,240 to
11,645 feet. One habitat type was documented with tree sizes greater than 32-inch dbh.
The CFR SIMPPLLE version does not represent the habitat type due to the forb
dominance. However, SIMPPLLE recognizes P. aristata in the moderately closed stand
structure indicated by Hess and Alexander (1986) with important graminoids including
Calamagrostis purpurascens and Carex foenea (table 20). It was assumed that if P.
aristata was listed first in the GIS coverage the site potential was a P. aristata type, thus
there are 10 pathways that have a P. aristata climax state (table 21).
O verstory

Shrubs

Grasses
Calamagrostis purpurascens, Carex
foenea

Pinus aristata
Source: Hess and Alexander 1986.

SIJVIPPLLE code
PIAR
PIAR-PICO
PIAR-PIEN
PIAR-PIFL2
PIAR-PIPO
PIAR-POTR5
PIAR-PSME
PIED-PIAR
PIFL2-PIAR
POTR5-PIAR

Species name
Pinus aristata
Pinus aristata-Pimis contorta
Pinus aristata-Picea engelmannii
Pinus aristata-Pinus flexilis
Pinus aristata-Pinus ponderosa
Pinus aristata-Populus tremuloides
Pinus aristata-Pseudotsuga menziesii
Pinus edulis-Pinus aristata
Pinus flexilis-Pinus aristata
Populus tremiiloides-Pinus aristata

Populus angustifolia Series
Hess and Alexander documented the Populus angustifolia series in the upper
foothills and lower montane zones along the CFR. This series occurs along riparian
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corridors and floodplains from 6,560 to 7,790 feet. This series has one habitat type (table
22) and tree sizes from 16 to 20 inch dbh were recorded. Three pathways exhibit a P.
angustifolia climax state (table 23).
O verstory

Shrubs
Populus angustifolia
Salix species, Acer glabnim
Source: Hess and Alexander 1986, Peet 1981, Alexander 1987.

SIM PPLLE code
POAN3
POAN3-POTR5
POTR5-POAN3

Grasses

Calamagrostis canadensis

Species name

Populus angustifolia
Populus angustifolia-Populus tremuloides
Populus tremuloides-Populus angustifolia

Picea pungens Series
The Picea pungens series documented by Hess and Alexander (1986) occurs in
riparian areas at elevations ranging from 7,465 to 8,860 feet along the CFR. One habitat
type was documented for this type with tree sizes to individuals greater than 32-inch dbh.
O verstory

Shrubs

Grasses
Carex foenea, Calamagrostis canadensis,
Poa pratensis

Picea pungens
Source: Hess and Alexander 1986.

Table 25— SIM PPLLE pathw ays associated with Picea pungens clim ax com m unities.
SIM PPL LE code
Species name
Pinus ponderosa-Picea pungens
PIPO-PIPU
PIPU
Picea pungens
PIPU-PIPO
Picea pungens-Pinus ponderosa
PIPU-POAN3
Picea pungens-Populus angustifolia
PIPU-POTR5
Picea pungens-Populus tremuloides
PIPU-PSME
Picea pungens-Pseudotsuga menziesii
POAN3-PIPU
Populus angustifolia-Picea pungens
POTR5-PIPU
Populus tremuloides-Picea pungens
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Southern Habitat types
The following section details the major vegetation series found along the southern
extent o f the CFR. These series are further divided into habitat types. The habitat types
represented by SIMPPLLE are presented as well as the pathways which result in climax
communities. A complete list of northern habitat types represented by SIMPPLLE
pathways is presented in Appendix D and a detailed description of these habitat types is
provided in Appendix E.

Abies concolor Series
The Abies concolor series documented by DeVelice and others (1986) is found at
mid-elevations and is the most widespread mixed conifer series with up to seven
overstory species present in a stand. A. concolor, Abies lasiocarpa, Picea engelmannii,
Picea pungens, Pinus flexilis, Pinus ponderosa, and Pseudotsuga menziesii are all found
as overstory associates in the A. concolor series. The appearance and proportion of each
species is dependent on the moisture-temperature relationship of the site. Early serai
communities on mesic sites are dominated by Populus tremuloides, with Qiiercus
gambelii dominating xeric sites. This series is found at elevations from 7,900 to 10,200
feet from cold moist sites to warm dry sites. Seven habitat types were identified for this
series, however, the CFR SIMPPLLE version only addresses five habitat types (table 26).
Due to the high shade tolerance of this species a majority of the pathways containing A.
concolor XQS\x\i in A. concolor climax stands (table 27).
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O verstory

Abies concolor

Shrubs
Vaccinium myrtillus
Acer glabrum
Arctostaphylos uva-ursi
Quercus gambelii

Grasses
Carex rossii
Carex rossii, Poa fendleriana
Muhlenbergia montana. Poa fendleriana
Carex rossii, Poa fendleriana
Festuca arizonica, Danthonia parryi

Source; D eV elice and others 1986.

SIM PPL LE code
ABCO
ABCO-PIEN
ABCO-PIFL2
ABCO-POTR5
ABCO-PSME
PIFL2-ABCO
PIPO-ABCO*
POTR5-ABCO
PSME-ABCO*

Species name
Abies concolor
Abies concolor-Picea engelmannii
Abies concolor-Pinus flexilis
Abies concolor-Populus tremuloides
Abies concolor-Pseudotsuga menziesii
Pinus flexilis-Abies concolor
Pinus ponderosa-A bies concolor
Populus tremuloides-Abies concolor
Pseudotsuga menziesii-Abies concolor

Pinus ponderosa Series
DeVelice and others (1986) documented the Pinus ponderosa series as one of
low-elevation types between 5,900 and 9,500 feet. On the more mesic sites in this series
P. menziesii occurs as a minor component. Pinus edulis, Juniperus scopulorum, and Q,
gambelii are important on warm dry sites. Q. gambelii is the dominant serai species in
this series. Eight habitat types were identified in this series, however, SIMPPLLE
modeled six of the documented habitat types (table 28). The reader is referred to the
northern habitat type description of this series for the associated climax pathways.
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Table 28 — Pinus ponderosa habitat type representation in the CFR SIM PPLLE version.
O verstory
Shrubs
Grasses

Arctostaphylos uva-ursi
Pinus ponderosa

Quercus gambelii

Festuca arizonica, Muhlenbergia
montana
Carex geyeri, Festuca arizonica
Festuca arizonica
Muhlenbergia montana
_______ Bouteloua gracilis _______

Source: D eV elice and others 1986.

Pseudotsuga menziesii Series
The Pseudotsuga menziesii series documented by DeVelice and others (1986) are
a minor type in the southern Rocky Mountains and only two habitat types were identified
(table 29). The more shade tolerant Abies concolor is often present in many of the P.
menziesii stands but is considered the climax species. The P. menziesii series is found on
steep slopes from 6,550 to 9,500 feet. Early succession tree species are principally
Populus tremuloides and Quercus gambelii. The reader is referred to the northern habitat
type description of this series for the associated climax pathways.

O verstory

Pseudotsuga menziesii

Shrubs
Quercus gambelii

Grasses
Poa fendleriana, Carex geyeri
Festuca arizonica

Source: D eV elice and others 1986.

Populus tremuloides Series
DeVelice and others (1986) did not investigate stands dominated by Populus
tremuloides because of the considerable disagreement among ecologists regarding the
successional status of the species. As indicated earlier, ecologists are undecided as to
whether P. tremuloides is a serai or climax species, however, many now think that
depending on environmental conditions P. tremuloides is both a serai and climax species
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(Mueggler 1985a, as cited in Hess and Alexander 1986). However, Peet (1978) goes on
states that P. tremuloides along with Pinus contorta play the primary role in forests of the
southern Rocky Mountains. P. tremuloides dominates the southern mid-elevation forests
with P. contorta increasing in importance as one reaches 39° north latitude.
Despite the uncertainty as to the successional role of P. tremuloides, Alexander
(1987) documents several habitat and community types'^ found on the PSINF of
Colorado. The habitat and community types represented by the CFR SIMPPLLE version
are presented in Table 30 without further discussion due to the difficulty in determining
the ecological status of P. tremuloides. The reader is referred to the northern habitat type
description of this series for the associated climax pathways.
O verstory

Populus tremuloides

Shrubs

G rasses

Arctostaphylos uva-ursi
Juniperus communis
Physocarpus monogynus
Shepherdia canadensis

Carex foenea
Carex foenea, Poa pratensis
Carex geyeri
Carex foenea
Festuca thurberi

Source: Alexander 1987.

Pinus flexilis Series
The Pinus flexilis series is of minor importance in southern Colorado. Only the P.
flexilis/Arctostaphylos uva-ursi type was documented (table 31). In this type, P. flexilis
dominates or co-dominates with Pseudotsuga menziesii. Picea engelmannii is often sub
dominant in this type. A. uva-ursi dominates the understory (25% mean plot cover).
Juniperus communis is a common associate where herbaceous cover is seldom over trace
amounts. This type is found primarily around 9,850 feet on steep south-facing slopes. In

^ Based on Aspen community types o f the Pike San Isabel National Forests (Report) by David C. Powell
and personal communication with Powell, Silviculturist, Pike-San Isabel National Forests. Pueblo, CO.
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addition, P. flexilis/A. uva-ursi type provides valuable big game winter range, however,
timber production is low. The reader is referred to the northern habitat type description
of this series for the associated climax pathways.
O verstory
Shrubs
Pinus flexilis
Arctostaphylos uva-ursi
Source; DeV elice and others 1986.

Grasses
Carex rossii

Pinus contorta Series
As with the Populus tremuloides series, DeVelice and others (1986) did not
investigate Pinus contorta stands due to the considerable disagreement among ecologists
regarding the successional status of this species. Many ecologists now believe P.
contorta may be both a serai and climax species depending on environmental conditions
(Mueggler 1985a, as cited in Hess and Alexander, 1986). Furthermore, Peet (1978) states
that Pinus contorta, along with P, tremuloides, plays the primary role in forests of the
southern Rocky Mountains. P. tremuloides is the dominant serai species in the southern
mid-elevation forests with P. contorta increasing in importance as one reaches 39° north
latitude. Despite the uncertainty as to the successional role of P. contorta^ Alexander
(1987) documents several habitat and community types found on the PSINF of Colorado.
The habitat and community types represented by the CFR SIMPPLLE version are
presented (table 32) without further discussion due to the difficulty in determining the
ecological statue of P. contorta. The reader is referred to the northern habitat type
description o f this series for the associated climax pathways.
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T able 32 — Pinus contorta habitat type representation in the CFR SIM PPLLE version.
O verstory
Shrubs
Grasses

Pinus conforta

Arctostaphylos uva-ursi
Juniperus communis
Vaccinium myrtillus

Carex rossii
Carex rossii
Carex geyeri

Source: Alexander 1987.

Picea engelmannii Series
The Picea engelmannii series documented by DeVelice and others (1986) has one
habitat type (table 33) and is widespread in southern Colorado above 10,500 feet. The P.
engelmannii/Vaccinium myrtillus habitat type is characterized by the overstory
dominance o f P. engelmannii and, occasionally, at lower elevations immature Abies
lasiocarpa is present. Furthermore, Pinus aristata is found at upper timberline as a serai
species. Vaccinium myrtillus dominates the understory with cover values from 5 to 95%.
The elevational range of this type is from 9,800 to 11,500 feet. Again, due to the limited
distribution of this habitat type, it is assumed all P. engelmannii stands are eventually
colonized by the co-climax species A. lasiocarpa. The reader is referred to the northern
habitat type description o f this series for the associated climax pathways.
Shrubs
O verstory
Picea engelmannii
Vaccinium myrtillus
Source: DeV elice and others 1986.

Grasses
Carex rossii

Abies lasiocarpa Series
The Abies lasiocarpa series is described as having seven habitat types and two
phases (DeVelice and others, 1986). The A. lasiocarpa series is found at high elevations,
8,850 to 11,800 feet, throughout the southern Rocky Mountains. A. lasiocarpa codominates with Picea engelmannii. Following stand disturbance at low elevations
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Populus tremuloides is the dominant serai species; however at higher elevations,
succession leads directly to A. lasiocarpa and P. engelmannii. SIMPPLLE for the CFR
represents one A. lasiocarpa habitat type for southern Colorado due to forb dominated
understories o f the other types (table 34). The reader is referred to the northern habitat
type description of this series for the associated climax pathways.
O verstory

Grasses

Shrubs

Vaccinium mvrtillus
Abies lasiocarpa
Source: D eV elice and others 1986.

Carex rossii

Picea aristata Series
The Picea aristata series is a dry series occurring at or near timberline in southern
Colorado. The series is divided into two habitat types (table 35). Forests in this series
often have an open park-like appearance with widely spaced or clumped tree within a
Festuca meadow. The reader is referred to the northern habitat type description of this
series for the associated climax pathways.
O verstory

Grasses
Festuca thurberi
Festuca arizonica

Shrubs

Picea aristata
Source: D eV elice and others 1986.

Picea pungens Series
The Picea pungens series documented by DeVelice and others (1986) consists of
five habitat types. Typically this series is restricted to cold-moist environments
throughout the mixed conifer zone. Overstories in this series are highly mixed with
species including Picea engelmannii, Abies lasiocarpa, Pseudotsuga menziesii, Abies
concolor, Pinus flexilis, Pinus ponderosa, and Popidus tremuloides in serai stands.
48

Stands in this series are found between 7,900 and 9,200 feet on lower slopes protected
from extreme sun and wind. SIMPPLLE for the CFR represents three habitat types and
one disturbance type in this series (table 36). The reader is referred to the northern
habitat type description of this series for the associated climax pathways.
O verstory

Shrubs

Grasses

Arctostaphylos uva-ursi

Carex rossii. Muhlenbergia montana
Carex foenea
Festuca arizonica
Poa pratensis

Picea pungens
Source: D eV elice and others 1986.

Non-Forest Habitat Types and Associations
The following section summarizes shrub/graminoid associations found throughout
the CFR. While extensive habitat typing has been completed for forested ecosystems,
grassland and shrub ecosystem interactions are often not as easily characterized. The
majority of the information regarding vegetation associations in this section follows
Shrub-Steppe Habitat Types o f Middle Park, Colorado (Tiedeman and others 1987), and
Plant Associations o f Region Two (Johnston 1987). Complete lists of the grassland,
shrub, and woodland associations represented by SIMPPLLE pathways are presented in
Appendix F.

Pinus edulis-Juniperus Species Type
The Pinus edulis-Juniperus species association was not identified as a forest
habitat type in any of the literature reviewed for this project, however, Johnston (1987)
documented several P. edulis-J. species woodland associations for Region Two.
SIMPPLLE for the CFR represents three different species associations that may be found
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in the study area (table 37). See discussion of the P. edulis~J. species pathway in the
Results section for further details.
Table 37 — Pinus edulis shrub type representation in the CFR SIM PPLLE version.
O verstory
Shrubs
G rasses

Pinus edulis-Juniperus
scopulorum/monosperma

Quercus gambelii
Cercocarpus montanus

Carex geyeri, Poa pratensis
Achnatherum hymenoides
Bouteloua gracilis

Sources: Johnston, 1987.

Cercocarpus montanus Type
Johnston (1987) documented nine C. montanus shrub associations in Region Two.
SIMPPLLE represents two of these associations along the CFR (table 38). See
discussion of the C. montanus pathways in the Results section for further details.
O verstory

Shrubs

Grasses

Hesperostipa comata, Bouteloua gracilis
Muhlenbergia montana

Cercocarpus montanus
Sources: Johnston 1987.

Quercus gambelii Type
Quercus gambelii was identified in seven shrub associations throughout Region
Two (Johnston 1987). SIMPPLLE represents three Q. gambelii associations along the
CFR (table 39). See discussion of the Q. gambelii pathways in the Results section for
further details.
O verstory

Shrubs
Mesic Shrubs

Quercus gambelii

Amelanchier alnifolia

Sources: Johnston 1987.
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Grasses
Carex geyeri, Poa pratensis, Pascopyrum
smithii
Carex geyeri, Poa pratensis, Pascopyrum
smithii
Bouteloua gracilis

Artemisia tridentata ssp. wyomingensis/Poscopyrum smithii Habitat Type
The Artemisia tridentata ssp. wyomingensis-Pascopyrum smithii habitat type
(table 40) occurs at approximately 7,200 to 7,500 feet on slopes not greater than 20%
irregardless of aspect. These sites are characterized by undulating terraces and plateau
tops having 50% bare ground. Important species in this type include Chrysothamnns
viscidiflorns dind Bouteloua gracilis (Tiedeman and others 1987).
Table 40— Artemisia tridentata ssp. wyomingensis-Pascopyrum smithii habitat type representation in
the C FR SIM PPLLE version.
Grasses
O verstory
Shrubs

Artemisia tridentata ssp.
Chrysothamnus viscidiflorus
wyomingensisPascopyrum smithii
Source: Tiedeman and others 1987.

Pascopyrum smithii, Bouteloua gracilis

Artemisia tridentata ssp. wyomingensis/Pseudoroegneria spicata Habitat Type
The Artemisia tridentata ssp. wyomingensis/Pseudoroegneria spicata habitat type
(table 41) is found at elevations ranging from approximately 7,500 to 8,200 feet on
primarily south and west-facing 0-65% slopes. This type is found on sloping uplands,
ridges, and gravelly outwash terraces. Other important species in this type include
Chrysothamnus viscidiflorus and Poa fendleriana (Tiedeman and others 1987).
Table 41— Artemisia tridentata ssp. wyomingensis/Pseudoroegneria spicata habitat type representation
in the CFR SIM PPL LE version.
O verstory
G rasses
Shrubs

Artemisia tridentata ssp.
Chrysothamnus viscidiflorus
wyomingensis/
Pseudoroegneria spicata
Source: Tiedeman and others 1987.

Pseudoroegneria spicata, Poa
fendleriana

Artemisia tridentata ssp. wyomingensis/Hesperostipa comata Habitat Type
The Artemisia tridentata ssp. wyomingensis/Hesperostipa comata habitat type
(table 42) is found from approximately 7,500 to 8,000 feet on all aspects with slopes from
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0 to 20%. This habitat type is similar to the Artemisia tridentata ssp.
wyomingensis/Pascopyrum smithii type in that Pascopyrum smithii is an important
species, and bare ground averages 30%. However, this type occurs at lower elevations,
on different soil types, and the understory is dominated by Hesperostipa comata
(Tiedeman and others 1987).
Table 42 —Artemisia tridentata ssp. wyomingensis/Hesperostipa comata habitat type representation in
the CFR SIM PPL L E version.
O verstory
Shrubs
Grasses

Artemisia tridentata ssp.
wyom ingens is/
Chrysothamnus viscidiflonts
Hesperostipa comata
Source: Tiedeman and others 1987.

Hesperostipa comata. Pascopyrum
smithii

Artemisia tridentata ssp. vaseyana/Festuca thurberi Habitat Type
The Artemisia tridentata ssp. vaseyana/Festuca thurberi habitat type (table 43) is
found at elevations ranging from approximately 8,300 to 9,500 feet on most aspects, but
is confined to north and east aspects at lower elevations. The overstory is dominated by
A. tridentata ssp. vaseyana with the understory dominated by large tufts of Festuca
thurberi. On disturbed sites Chrysothamnus species may dominate the site (Tiedeman
and others 1987).
Table 43 —Artemisia tridentata ssp. vaseyana/Festuca thurberi habitat type representation in the CFR
SIM PPLLE version.
O verstory
Shrubs
G rasses

Artemisia tridentata ssp.
vaseyana/ Festuca
thurberi
Source: Tiedeman and others 1987.

Festuca thurberi. Hesperostipa comata,
upland Carex species

Artemisia tridentata ssp. vaseyana/Festuca idahoensis Habitat Type
The Artemisia tridentata ssp. vaseyana/Festuca idahoensis habitat type (table 44)
is found from approximately 7,700 to 8,900 feet on slopes from 0 to 20%. At higher
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elevations this type is found south and west/facing aspects and at lower elevations mostly
east aspects. This type occupies swale and shallow snowdrift areas at lower elevations
and plateaus of deep soils at higher elevations. A dense cover o f A. tridentata ssp.
vaseyana dominates the overstory. A moisture-indicating species association known as
the Festuca idahoensis union characterizes the understory. This union is a group of
species that commonly occur together, but none of which distinctively dominates the
layer. Important species in this union include Festuca idahoensis, Carex species, and
Lupinus species among others. Important species of this type, which are not associated
with the Festuca union, include Chrysothamnus viscidiflorus, and Poa fendleriana.
Heavy grazing may shift graminoid dominance to Poa fendleriana (Tiedeman and others
1987).
Table 44 —Artemisia tridentata ssp. vaseyana/Festuca idahoensis habitat type representation in the
CFR SIM PPL LE version.
O verstory
G rasses
Shrubs

Artemisia tridentata ssp.
vaseyana/ Festuca
idahoensis
Source; Tiedeman and others 1987.

Festuca idahoensis, Poa fendleriana

M esic Shrubs

Purshia tridentata/Artemisia tridentata ssp. vaseyana Habitat Type
The Purshia tridentata/Artemisia tridentata ssp. vaseyana habitat type (table 45)
is found at elevations ranging from approximately 7,800 to 9,000 feet on rolling uplands
and mountain slopes. The overstory is characterized by the co-dominance o f Purshia
tridentata and

tridentata ssp. vaseyana. Bare ground averages 15% and the understory

is by Pseudoroegneria spicata or Poa fendleriana and Carex species. Festuca idahoensis
is an important climax species in this habitat type; however, it is not always represented
at each site (Tiedeman and others 1987).
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Table 45— Purshia tridentata/Artemisia tridentata ssp. vaseyana habitat type representation in the
C F R SIM PPL LE version.
G rasses
O verstory
Shrubs

Purshia tridentata/
Amelanchier alnifolia
Artemisia tridentata ssp.
vaseyana
Source: Tiedeman and others 1987.

Festuca idahoensis, upland Carex species

Amelanchier alnifolia/Pseudoroegneria spicata Habitat Type
The Amelanchier alnifolia/Pseudoroegneria spicata habitat type (table 46) is found at
7,800 to 8,500 feet on primarily south and west facing slopes with 30 to 70% gradient.
This type found along steep, cobbly and gravelly mountain slopes, and has an average of
50% bare ground. The overstory is dominated by Amelanchier alnifolia while the
understory is primarily Pseudoroegneria spicata. Ericameriaparryi and Achnatherum
hymenoides are important species. Populus tremuloides occupies similar sites where
changes in relief or increased elevation allow for greater snow accumulation (Tiedeman
and others 1987).
T able 46— Amelanchier alnifolia/Pseudoroegneria spicata habitat type representation in the CFR
SIM PPL L E version.
Grasses
O verstory
Shrubs

Pseudoroegneria spicata, Achnatherum
hymenoides

Amelanchier alnifolia/
Pseudoroegneria spicata
Source: Tiedeman and others 1987.

Amelanchier alnifolia/upland Carex Habitat Type
The Amelanchier alnifolia/vipXQnà. Carex habitat type (table 47) is found from
approximately 7,300 to 8,500 feet on 25 to 70% slopes with north and east-facing
exposure. This type, dominated by A. alnifolia with frequent occurrence of
Chrysothamnus viscidiflorus, has an understory of Carex species and those of the Festuca
idahoensis union. There is little bare ground naturally occurs in this type. Populus
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tremuloides habitat types are slightly moister and cooler than this habitat type (Tiedeman
and others 1987).
Table 47— Am elanchier alnifolia/upland Carex habitat type representation in the CFR SIM PPLLE
version.
O verstory
Shrubs
Grasses

Amelanchier alnifolia/
Chrysothamnus viscidiflorus
upland Carex species
Source: Tiedeman and others 1987.

upland Carex species

Ericameria parryi/Achnatherum hymenoides Habitat Type
The Ericameria parryi/Achnatherum hymenoides habitat type is a disturbance
type found at elevations ranging from approximately 7,200 to 8,700 feet on 30 to 70%
slopes (table 48). This type occurs on primarily south and west-facing slopes and
averages more than 70% bare ground. Ericameria parryi dominates the overstory with
Achnatherum hymenoides dominating the understory. These sites are severely eroded
and unstable (Tiedeman and others 1987).
Table 48— Ericameria parryi/Achnatherum hymenoides habitat type representation in the CFR
SIM PPLLE version.
Shrubs
Grasses
O verstory

Ericameria parryi/
Achnatherum
Artemisia tridentata
hymenoides
Source: Tiedeman and others 1987.

Achnatherum hymenoides

Colorado Front Range Processes
Many of the processes, which influence vegetation, act in a stochastic and
species-specific way. For example, when fire bums into a low cover sagebrush stand, the
fire will likely bum patches o f acuminated litter, dry grasses, and occasional sagebrush
plants; the fire may not bum evenly and completely through the stand though. This poses
problems when modeling. The system logic has to account for the patchy nature of the
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bum, and individual species response to the disturbance. Some grasses in the above
example will sprout back as growing conditions allow for plant growth. However,
species like sagebrush will rely on existing individuals to re-seed the site. Due to the
complexity and interaction of many species to disturbance and other natural processes,
several standardized species responses to these processes were developed. This logic
provides a basis from which the system can be tailored depending on the species and the
expectations of the modeling team.

Fire
The fire severity logic for pathway construction is based on the fire regime
classification in “Wildland Fire in Ecosystems: effects of fire on flora” (USES 2000). In
this classification fire severity is comprised of the primary fire effects resulting from the
intensity o f the flame front and the heat released during total fuel consumption. The
primary effects are plant mortality and removal of organic materials (USES 2000). The
use of fire severity as the key component for describing fire logic is appealing because
fire severity relates directly to the effects of disturbance on the condition and survival of
vegetation (USES 2000). In addition, this classification was intended for broadscale
application and communication of fire’s role in ecosystems among resource managers
and others. Definitions for the various fire severity classes (USES 2000) used in the
development of the CER pathways are as follows:
7. Stand-replacement fire (applies to forests, woodlands, shrublands, and
grasslands) - Eires that kill aboveground parts of the dominant vegetation,
changing the aboveground structure substantially. Approximately 80% or more
of the aboveground vegetation is either consumed or dies as a result of fires.
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2. Mixed severity fire (applies to forest and woodlands) - Severity of fire either
causes selective mortality in dominant vegetation, depending on different tree
species’ susceptibility to fire, or varies between understory and standreplacement.

3. Light severity fire (applies to forests and woodlands) - Fires are generally
nonlethal to the dominant vegetation and does not substantially change the
structure of the dominant vegetation. Approximately 80% or more of the
aboveground dominant vegetation survives fires. This class is referred to as the
“understory fire regime.”

Other fire regime classifications (i.e., Morgan and others 1998) have classified fires
in grasslands and some shrubland types as “nonlethal” because non-forest plants recover
quickly following fire.
The CFR version of SIMPPLLE defaults all non-forest pathways to stand-replacing
fire (except Pinus edulis-Juniperus species pathways). This logic is based on the notion
that 1) non-forest stand structure is immediately and drastically altered by fire, and 2) to
carry fire in non-forest types, fuel loads are often high enough to remove the above
ground portion of the plants. It is important to understand that following stand-replacing
fire the regeneration table then selects the most appropriate form of site regeneration.
The majority of shrub and grass species will resprout on the site, leading to rapid
recovery of the area; whereas, species such as Artemisia tridentata will not resprout and
require several decades to recolonize a site. Table 49 illustrates the fire response logic
used for the CFR pathways.
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T able 49— Fire response logic for the CFR SIM PPLLE version.
Process___________________________________________ Response
Stand-Replacing
All species revert to grass or shrub pathways. The regeneration table then assigns
Fire (SRF)
successional direction.

Severit Fire
^
^
^

Fire R esistance' High- Reduce species 1 density and multistory stands revert to
single story.
Fire Resistance M oderate- Reduce species 2 densities and multistory stands revert
to single story.
Species C om binations o f H igh/M oderate and Low Resistance- remove the low
resistance species and reduce the density by 2. Multistory stands revert to single
story.
Fire R esistance Low- Reduce 2 densities and multistory stands revert to single
story.
♦ ♦♦Maintain the time-step for the above combinations* * *

Light Severity Fire
(LSF)

Fire R esistance H igh/M oderate- Follows succession.
Fire R esistance Low- Reduce species 1 density and multi-story stands revert to
single story for Large, Large multi-story, Very-Large, and Very-large multi-story.
Small and medium stands revert to grass or shrub pathways.

♦ ♦♦Maintain species age for the above combinations***
Refers to the relative susceptibility o f individual species to fire kill.

Western Spruce Budworm
Western spruce budworm (WSBW), Choristoneura occidentalis (Freeman), is the
most widely distributed and destructive defoliator of coniferous forests in western North
America. Tree hosts include Pseudotsuga menziesii, Abies grandis, Abies concolor,
Abies lasiocarpa, Picea pungens, Picea engelmannii, Picea glauca, and Larix
occidentalis (Fellin and Dewey 1982). Western spruce budworm appears as both light
and severe infestations in the CFR SIMPPLLE pathways for the following species and
associated species combinations; Abies lasiocarpa, Picea engelmannii, Abies concolor,
Pseudotsuga menziesii, and Picea pungens. The western spruce budworm response is
shown for the CFR in table 50.
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T able 50— W estern spruce budw orm response logic for the CFR SIM PPLLE version.______________
Process___________________________________________Response_________________________________
Light W SB W - Follow succession.
Western spruce
Severe W SBW - Reduce density by 2 and multi-story stands revert to single story,
budworm (W SB W )’
___________________________________ ***Maintain species age for the above combinations***____________
’ Process removes low density Picea engelmannii.

Mountain Pine Beetle
Mountain pine beetle, Dendroctoniis ponderosae (Hopkins), is a member of the
bark beetle group. The beetles often attack lodgepole pine stands that are composed of
large, well distributed trees, or dense, pole size ponderosa pine stands. Mountain pine
beetles are hosted mainly by Pinus contorta, Pinus ponderosa, Pinus lambertiana, and
Pinus glauca (Amman and others 1989). Mountain pine beetle outbreaks typically occur
at intervals of 15 to 20 years in older lodgepole forests and last for six to ten years (Cole
and Amman 1980). The CFR SIMPPLLE system captures mountain pine beetle
infestations for P. contorta and P. ponderosa (table 51).
T able 51— M ountain pine beetle response logic for the CFR SIM PPLLE version.______________
______ Process_______________________________________ Response_______________________________
Ponderosa pine
Reduce density by 2 and multi-story stands revert to single story stands,
mountain pine beetle
(PP-MPB)
***Maintain species age for the above combinations***

mountain pine beetle
(LP-MPB)'

Light LP-M PB- Reduce density by 1 and multi-story stands revert to
single story.
Severe LP-M PB Reduce density by 2 and multi-story stands revert to
single story.
‘**Maintain species age for the above combinations***

Process removes low density Pinus contorta.

Spruce Beetle
Spruce beetle, Dendroctonus nifipennis (Kirby), is responsible for significant
mature Picea mortality. Spruce beetle outbreaks cause extensive tree mortality and
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modify stand structure by reducing the average tree diameter, height, and density.
Remaining trees are often slow growing and small and/or intermediate in-size. Most
spruce beetle outbreaks typically originate in windthrown trees. As populations increase,
beetles may then enter susceptible, large-diameter standing trees. Trees of greater then
18-inch diameter are attacked first, with beetles moving to smaller diameters as the
infestation persists (Holsten and others 1990). The CFR SIMPPLLE version deals with
both light and severe spruce beetle infestation for Picea engelmannii associated stands
(table 52).
Table 52— Spruce beetle response logic for the CFR SIM PPLLE version._____________________
_______Process_______________________________________ Response_______________________________
S rue beetle'
(SPRUCE

Light- Follow succession.
Severe- Reduce density by I and multi-story stands revert to single story.

BEETLE)_________________***Maintain species age for the above combinations***__________
Process removes low density Picea engelmannii.

Doug!as-fir Beetle
Douglas-fir beetle, Dendroctonus pseudotsugae (Hopkins), attacks Pseudotsuga
menziesii and occasionally Larix occidentalis throughout the western United States,
British Columbia and Mexico. Douglas-fir beetle normally kills small groups of trees;
however, during beetle outbreaks losses can be dramatic. Losses are greatest in dense
stands of P. menziesii (Schmitz and Gibson 1996). The CFR SIMPPLLE system logic
for Douglas-fir beetle is presented in table 53,
Process
Douglas-fir beetle'
(DF-BEETLE)

Response
Only in Large and V ery Large: Reduce density by 1 and multi-story
stands revert to single story.
♦ ♦★Maintain species age for the above combinations***

■I' T." ■

_______ 1 ...
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Pinyon Engraver Beetle
Pinyon engraver beetle, Ips confuses (LeConte), is an important agent of
disturbance and tree mortality in pinyon-juniper stands of the west. Pinus edulis and
Pinus monophylla are the primary host for this beetle in Utah. Drought is considered a
predisposing agent of beetle outbreak for two reasons, 1) moisture stress reduces the
production of sap, thus limiting the ability of the tree to ‘pitch’ attacking beetles, and 2)
moisture stress concentrates soluble sugars and other compounds in tree cells, improving
the nutritional quality for beetles (UDFFSL No date). Timber stands with old trees
(average root collar diameter of 7 to 11 inches), trees with dwarf mistletoe infection, and
dense tree stands are most susceptible to engraver beetles infestation (Wilson and Tkacz,
1992 as cited in UDFFSL No date). Table 54 documents pinyon species response to
pinyon bark beetle.
T able 54— Pinyon bark beetle response logic for the CFR SIM PPLLE version.________
_______Process___________________________________ Response___________________________
Pinyon Bark Beetle
Reduce density by 1 and multi-story stands revert to single story
BB)____________***Maintain species age for the above combinations***______

Root Disease
Laminated root rot, Phellinus weirii (Murr.), occurs throughout the Northwestern
United States and southern British Columbia, Canada. Trees of all sizes and ages are
attacked. However, root rot is often not conspicuous until stands reach 40 years old.
Root rot can infest sites indefinitely, substantially reducing productivity in addition to
killing individual trees. Root rot is typically found in Abies concolor, Abies grandis,
Pseudotsuga menziesii, and Tsuga mertensiana (Nelson and others 1981). Root rot was
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captured in various combinations o f A. concolor and P. menziesii in the CFR SIMPPLLE
version (table 55).
T able 55— R oot disease response logic for the C FR SIM PPLLE version.______________
_______ Process___________________________________ Response__________________________
^
Reduce density by 1 and maintain stand structure.
Root Disease
^
(ROOT-DISEASE)
***
Maintain species age for the above combinations***

Windthrow
Along the Colorado Front Range, Veblen (1986) found consistently lower
frequencies of Picea engelmannii as treefalls. Ninety-five percent of the trees measured
fell in an easterly direction, indicating westerly winds were the cause of the treefall.
Lower treefall frequencies for Picea, combined with the greater longevity of P.
engelmannii as compared to Abies lasiocarpa, imply a lower adult mortality rate for P.
engelmannii. Thus, even though A. lasiocarpa often has a greater proportion of seedlings
and saplings in mature Picea forests, it does not imply P. engelmannii will be replaced by
A. lasiocarpa in old-growth stands barring large-scale exogenous disturbance.
Furthermore, Veblen (1986) concluded that this empirical evidence supports the
coexistence o f ecologically similar species by means of different life history strategies.
Windthrow in the CFR was captured for the P. engelmannii and A. lasiocarpa stands
(table 56).
Process
Windthrow
(WINDTHROW )

Response
Reduce density by 1 and reset the stand to seedling/sapling.

Wildlife Browsing
Wildlife browsing may impact many vegetation types by changing the structure
and density o f shrub and tree species. Krebil (1972) found that heavy elk use on winter
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range in Wyoming and Colorado damaged Popiilus tremuloides stands and could lead to
eventual type conversion to grasslands (Jones 1974). Furthermore, investigation of 77
tremuloides stands in Yellowstone National Park showed that high elk populations in the
1990s were reducing stand regeneration. In addition, stands in the Estes Valley of Rocky
Mountain National Park (RMNP) had only 20% cohort regeneration; yet, regeneration
was common across the landscape in RMNP (Suzuki and others 1999). Therefore, the
following logic was established to reflect moderate wildlife use. Extreme use as
documented by Suzuki and others (1999) was not captured for the CFR version. Shrub
species selected for wildlife browsing in the CFR SIMPPLLE version are presented in
Appendix G. Table 57 documents species response to wildlife browsing.
Table 57— W ildlife brow sing response logic for the CFR SIM PPLLE version._________
______ Process
______________________________Response___________________________
BROWSING)

Reduce density by 1 (Select shrubs and Populus tremuloides).
Small and medium size class shrubs.

See Appendix G for species list.

Prairie Dogs
Prairie dog {Cynomys species) colonies in American grasslands provide large and
distinct patch structures. In areas without human control, prairie dog colony patch size
ranges from ten to hundreds of hectares. A study in South Dakota found average colony
size ranging from 5 to 250 hectares. These colonies are generally located in areas with
deep soils, slopes less than 7%, and little chance of flooding (Whicker and Detling 1988).
Prairie dogs often denude only the area immediately surrounding their burrow
entrance. However, dramatic changes to the surrounding vegetation occur following two
or more years of colonization. Studies suggest tall or mid-height plants are replaced by
shortgrass species with greater grazing resistance in as little as 15 years of frequent heavy
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grazing. Coppock and others (1983) found that in a prairie dog colony colonized for over
26 years, forbs had increased in both relative and absolute biomass, as well as species
number. Under prolonged prairie dog grazing and the right combination of other factors,
colony patches may become completely dominated by a limited number of forbs or dwarf
shrubs (Coppock and others 1983, Whicker and Detling 1988). Table 58 presents the
prairie dog invasion logic for the CFR. See Appendix H for a list of graminoid types
susceptible to prairie dog invasion.
T able 58— Prairie dog invasion logic for the CFR SIM PPLLE version.______________________________
Function
Rule
Only areas with gentle slopes (< 7%), dominated by suitable graminoids are
susceptible to prairie dog invasion. Following prairie dog invasion grass cover
Prairie D og Invasion
should be no greater than cover class 2. In addition, the vegetative state should be
PG-FORBS/UNIFORM/2. Following three decades o f prairie dog colonization the
___________vegetative state should change to FORBS-PG/UNIFORM/2.___________

Wet and Dry Succession
Within plant associations typical of northwestern grasslands it has been
documented that water is a major limiting resource (Krueger-Mangold and others 2004).
In the western United States drought is a natural disturbance process. In addition, the
timing o f seasonal precipitation can greatly influence grassland plant growth. Therefore,
both above and below normal precipitation was simulated. This process can be applied to
yearly and decadal time-steps. It should be noted that when using this process on yearly
time-steps the effect will be exaggerated due the large density cover classes. Figure 1
documents the logic for dry succession. System logic for wet succession is presented in
figure 2.
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Figure 3— Graminoid dry succession pathway.
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Figure 4— Graminoid wet Succession pathway.
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RESULTS AND DISCUSSION
Following the review and synthesis o f the information presented previously, 192
species combinations were identified for system representation. O f these species
combinations, 33 represent graminoids (Appendix I), 57 represent shrub combinations
(Appendix J), 7 represent woodland species (Appendix K), and 95 represent trees
(Appendix L). These species combinations were further grouped into sub-categories so
representative pathways could be built. This resulted in 3 classes of graminoids; low
cover, high cover, and alpine/riparian. Therefore, 3 unique graminoids successional
pathways represent all species combinations along the CRT. Furthermore, shrub and
woodland species were grouped based on phonologic characteristics and disturbance
response into 20 unique successional shrub and woodland pathways. Forest species
combinations were grouped by dominant species, with different successional pathways
accounting for species combination and ecological zone.
Combinations of the various life forms represent 80 habitat types, community
types, and dominant species associations (Appendices B, C, D). Forest, shrub, and
woodland pathways are assumed to operate on decade time-steps. Graminoid pathways
may be run on yearly time-steps. Furthermore, many of the pathways represent two
species combinations^ (i.e., PICO-PSME). It should be noted that the first species in the
combination (i.e., PICO) is assumed to be the dominant species, and as such, exerts its
influence over the pathway. Therefore, if the first species is a serai species the pathway

^ Derived from the CVU GIS data from Region Two. Three species combinations were reduced to the first
two species in the combination.
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will eventually give way to the climax species for the particular zone or species
combination (i.e., PICO-PSME transitions to PSME-PICO).
The results and discussion section is divided into five sections. We provide a
section on ancillary logic, describe and discuss the pathway logic use to develop the non
forest pathways, summarize the forest pathways, and provide the regeneration logic for
the non-forest pathways.

Ancillary System Logic
The following section presents ancillary system logic, which were identified from
the literature review, and developed to enhance the behavior of the CFR version of
SIMPPLLE. This logic describes special circumstances or specific species responses,
which could not be incorporated into the various compartments of SIMPPLLE.

Shading
Following large disturbance processes such as fire or timber harvest overstory
forest cover is greatly reduced. Large reduction in forest cover provide an opportunity
for grasses and shrubs to dominate for several years following forest disturbances until
overstory cover increases and “shades out” these species. Mueggler (1965) found a high
negative correlation between shrub cover and tree canopy. Furthermore, he found that in
forest types o f Idaho shrubs reached their maximum cover in 20 to 30 years post
disturbance. Therefore, the shading rule within SIMPPLLE should be applied to those
species with intermediate or no tolerance to shade (Appendix G). Table 59 presents
system logic for shading in the CFR version of SIMPPLLE.
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Table 59— Shading logic for the CFR SIMPPLLE version.
Function
Logic
Maximum shrub density class is 2 following two decades o f forest cover equal to
Shading
cover class 3 or 4. Apply to all species with intolerant or intermediate shade
tolerance.
T
See Appendix G for species list.

Conifer Seedling Establishment and Encroachment
Forest-grassland ecotones in the western United States appear unstable. Tree
invasion into grasslands has occurred since the mid-1800s. For example, ponderosa pine
has invaded prairie grasslands while juniper has increased its range throughout the west.
Along the CFR nineteenth century photographs show grass cover in areas currently
dominated by ponderosa pines (Mast and others 1997). White (1985) stated frequent
droughts and/or competition for water with bunch grasses may limit ponderosa pine
establishment at the lower timberline ecotone. White (1985) proposed four limiting
factors when considering successful ponderosa pine regeneration in the pine/grass
ecotone:
1.
2.
3.
4.

Adequate seed production
Areas without an abundance of grass cover
Adequate moisture in spring and early summer
Early mortality due to disturbance

In addition, Kaufman and others (2000) proposed tree recruitment and fire might be
related to the same low-frequency climatic cycles. However, the coincident timing of
fires and periods o f tree recruitment may be spatially disassociated, such that tree
mortality from fire may be occurring in one area while tree recruitment may be occurring
elsewhere. Similarly, Mast and others (1997) found that above normal spring and
summer precipitation combined with decreases in fire provided the greatest increase in
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ponderosa pine into grasslands. Moreover, along the pine/grass ecotone topography
influenced pine regeneration with the greatest change in tree cover occurring on north
facing slopes. Table 60 presents the logic for conifer encroachment.
Table 60— Conifer encroachment logic for the CFR SIMPPLLE version._______________________
Function
Logic
O nly areas with grass cover from 71-100% w ill be considered as
Conifer
“inhibiting” seedling establishm ent. This applies to all grass species
Encroachment
(A ppendix H), and should be considered in com bination with clim atic
conditions within SIMPPLLE.

Species Specific Logic and Response Characteristics
•

Maximum graminoid cover class 2 exists following one decade of forest or shrub
overstory cover equal to cover class 3. Apply to all graminoid species.

Chrysothamnus viscidifloriis will dominate Artemisia tridentata and Artemisia
tridentata ssp. wyomingensis stands for up to 15 years following fire. C.
viscidiflorus persists in stands 40 to 50 years old (Young and Evans 1974).
Ericameria parryi follows the same logic as C. viscidiflorus.

Bromus tectomm understory alters the fire frequency in Artemisia communities.
Sites in Wyoming have burned 2 to 3 times in 10 years as a result of understory
conversion to Bromus tectorum. Repeated burning removes Artemisia from the
community, converting the site to annual grasslands (Howard 1999).

Juniperus scopulorum may produce seed at 10-20 years old, however main seed
production begins from 50-200 years old (Scher 2002).

Juniperus invades Artemisia tridentata ssp. wyomingensis sites and grassland
types. Juniperus dominates from 46-70 years post fire, Artemisia density
decreases as Juniperus increases (Barney and Frischknecht 1974).

Maximum Artemisia tridentata ssp. vaseyana cover class of 3 is reached 40 years
post-disturbance. Artemisia cover then decreases 1 density for every increase in
Pinus edidis-Juniperus cover. \ f Juniperus cover equals 3, then Artemisia cover
is no greater than cover class 1 (Barney and Frischknecht 1974).
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Pinus contorta and Pseudotsuga menziesii also invade Artemisia tridentata ssp.
vaseyana areas.

Pinus ponderosa invades grassland types adjacent to established P. ponderosa
forest types.

Mountain and alpine meadows have shrub invasion following 1 decade. (Upland
Salix and Dasiphora floribundd).

Stand-replacing fire or clearcutting forest stands with Carex geyeri,
Calamagrostis canadensis. Calamagrostis purpuras cens, Calamagrostis
rubescens, and Carex rossii may result in cover class 4 grassland stands, which
inhibit forest regeneration. Specifically, Abies lasiocarpa regeneration is
inhibited following clearcutting (Hess and Alexander 1986).

Extended heavy grazing (2 decades) in the Populus angustifolia or Picea pungens
type coverts the herbaceous layer to Poa pratensis (Hess and Alexander 1986).

Generally replacement of serai Populus tremuloides stands takes 65 years (Ives
1941, as cited in DeVelice and others 1986).

In stands with Arctostaphylos uva-ursi dominated ground cover, graminoid cover
should not exceed cover class 1.

Stand-replacing fire or clearcutting in the Pinus ponderosa/Quercus gambelii type
results in Q. gambelii cover o f 4, thus inhibiting pine regeneration (DeVelice and
others 1986).

Where Abies concolor is part of the GIS coverage species mix, the polygon
should be placed in the ABCO pathways. Pseudotsuga menziesii is less shadetolerant than A. concolor and is not considered the climax species when in
combination with
concolor (DeVelice and others 1986).

Upland Salix (SALIXU) reaches cover class 4 on burned sites with adjacent seed
sources. After 20 years overstory shading logic should begin reducing canopy
cover (Mueggler 1965).
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Graminoid Pathways
We identified 13 graminoid pathways from GIS coverages. O f theses, the
majority were Carex and alpine meadow species. To fully represent graminoid diversity
and dominant understory species, we included 20 species combinations from habitat type
classifications and other literature (Appendix M). Two pathways, annual grass-forbs
(AG-FORBS) and perennial grass-forbs (PG-FORBS) are generalized pathways.
Graminoids were categorized as low cover, high cover and alpine/riparian graminoids.
These categories represent logical groupings depicting characteristics of the majority of
stands for a given species. Standardized pathways for these groups were developed,
resulting in 3 unique graminoids pathways. The annual grass-forbs pathway represents
logic for low cover grasses, while the perennial grass-forbs pathway represents the logic
for high cover grasses. Alpine/Riparian pathway logic is represented by the riparian
Carex species (CAREX). The 3 graminoid pathways do not vary by ecological zone
because insufficient literature was identified to justify zonal variations. Not all species
combinations are present in each zone. For example, alpine grasses are not found at
lower elevations, thus they are only available in the Subalpine and alpine zones. A
complete list of graminoid species combinations is presented in Appendix I.

Low Cover Pathways
Low cover graminoid pathways are those which do not generally progress past
cover class 3 following succession (figure 3). It should be noted that low cover grasses
will reach cover class 4 with the wet succession process. Fourteen species are
characterized as low cover species (table 61). O f these species, a variety of situations
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may lead to this cover limitation. For example, the soil type associated with the species
may be especially cobbly, and well drained providing a site too dry to support cover class
4, as is commonly the case with Leucopoa kingii (Tirmenstein 1987). Another example
may be the associated overstory cover, which limits shade intolerant species from
achieving high ground cover. O f course, there will be exceptions to any rule. Some of
the ancillary logic attempts to address dramatic understory responses to disturbance or
treatment processes.
Figure 5— Low cover pathway succession logic.
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SIM PPL L E Code
AG-FORBS
ACHY
BOGR2
CACA4^
CAGE2
CAPU
CAREXU
CAREXU-CARU
CAROS
FEAR2-BOGR2^
H E C 026
LEKI2
PASM
POFE

Scientific Nam e
Annual grasses-forbs

Achnatherum hymenoides
Bouteloua gracilis
Calamagrostis canadensis
Carex geyeri
Calamagrostis purpurascens
upland Carex species
upland Carex-Calamagrostis rubescens
Carex rossii
Festuca arizonica-Bouteloua gracilis
Hesperostipa coma ta
Leucopoa kingii
Pascopyrum smithii
Poa fendleriana

referred to the ancillary logic for further discussion.
^CACA4 is assumed to grow only on upland sites in combination with a forest overstory.
^ FEAR2-BOGR2 was included in the low cover grouping because it is assumed this is the driest phase in
the Pinus ponderosa/Festuca arizonica habitat type.

High Cover Pathways
High cover pathways were established for those graminoid species, typically
achieving a cover class o f 4 under normal conditions (figure 4). The high cover species
group contains 11 species (table 62). Often these species are found in mesic situations or
areas with deep productive soils. Bromus tectorum, an annual invasive species, was
included in the high cover grouping with the assumption that if it is present in a
community it will eventually reach high cover values (>70%), following disturbance
(Zouhar 2003). Ancillary rules further define species response to natural and disturbance
processes.
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Figure 6— High cover pathway succession logic.
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Alpine/Riparian Pathways
Alpine/riparian pathways are those that exhibit rapid growth to cover class 4
(figure 5). It is assumed that these species dominate the ground cover in their respective
areas. For example, riparian Carex types are typically wetland indicators and exhibit
little species diversity within an area (Cope 1992). Furthermore, alpine grasses often
dominate sites along ridgelines or other severe sites not occupied by trees. The CFR
version of SIMPPLLE contains 7 alpine/riparian species combinations (table 63).
Figure 7— Alpine/riparian pathway succession logic.
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Table 63— ^Alpine/riparian pathway species for the CFR SIMPPLLE version
Scientific Name
SIMPPLLE Code
Carex elynoides-Carex rupestris
CAEL3-CARUD
Carex foenea
CAF03
CAREX
Carex species
CAREX-JUNCU
Carex-Juncus species
CARUD-FEBRC
Carex rupestris-Festuca brachyphylla
PHC09-P0AL2
Phleum alpinum-Poa alpina
POAL2-CAEL3
Poa alpina-Carex elynoides
POAL2-KOMY
Poa alpina-Kobresia myosuroides

Shrub and Woodland Pathways
O f the pathways constructed for the CFR SIMPPLLE version, 57 species
combinations represent shrub associations (Appendix J) and 7 combinations represent
woodland associations (Appendix K). Forty-three of the 57 shrub pathways were
identified from the GIS layer. The remaining 14 pathways were identified as ecologically
important from the literature (Appendix N). Two additional pathways, mesic shrubs
(MESIC-SHRUB) and xeric shrubs (XERIC-SHRUB) are generalized pathways.
Many o f the shrub pathways are combinations of a dominant species and a
secondary species (i.e., there are 11 Cercocarpus montanus pathway combinations). To
standardize the modeling process, growth characteristics of the dominant species in the
combination was considered as the driver for the species combination. Furthermore,
species such as Acer glabrum and Alnus incana, which exhibit rapid growth, were
grouped in the same successional pathway. As a result of these groupings, the CFR
version of SIMPPLLE contains 20 unique shrub and woodland pathways (Appendix O).
Pathway growth characteristics do not change based on the ecological zone. Changes in
growth rate among different individuals of the same species of shrub may differ among
soil type or micro-site as well as ecological zone; however, specific literature to
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document these changes along the CFR was not available. While pathway growth
characteristics do not change by ecological zone, the species combinations represented in
an ecological zone due change. For example, Quercus and Cercocarpus species
combinations are not included in the alpine zone because conditions in the alpine zone
are beyond the ecological amplitude of these species. Pathways were constructed to
represent the majority of individuals within a species.
The following section describes the unique non-forest successional pathways. In
addition, pertinent species information will be presented to provide some Justification o f
pathway logic.

Acer glabrum Based Pathways
Acer glabrum is a native, deciduous tall shrub or small tree typically developing
into a multi-stemmed shrub from 5 to 6.5 feet tall, found from 5,000 to over 12,000 feet
in Colorado. Following top-kill, A. glabrum sprouts from the root crown (Anderson,
2001a). However, in Montana, Crane and others (1983) found resprouts might not set
seed for 3 years following disturbance. A. glabrum develops rapidly following
disturbance, growth modeling estimates that the species may reach up to 10 feet one
decade after disturbance. Maximum A. glabrum height is reached within 3 or 4 decades
(Anderson 2001a).
Amo and Ottmar (1994) characterized vf . glabrum as fire dependent, and as such
may decline with fire exclusion. Following fire, rapid growth oiA . glabrum may
moderately inhibit conifer seedling establishment and growth. Repeated fire may result
in serai shrubfields in the northern Rockies (Anderson 2001a).
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Three species combinations are represented by the A, glabrum pathway logic
(table 64). While both A. incana and B. occidentalis are associated with riparian areas,
they exhibit rapid growth following disturbance and the ability to resprout from the root
crown or basal buds following fire (Uchytal 1989a, 1989b). Furthermore, A. incana may
form dense thickets (Uchytal 1989a). Therefore, these three species groupings are
represented by one generalized successional pathway. Due to the rapid growth of both
species all states move to the large size class within one decade. Furthermore, because A.
glabrum has the ability to create shrubfields, density class 4 is represented. However, the
GIS coverage provided shows a maximum A. glabrum cover of 10%, therefore, the
pathway progresses to cover class 3 and cycles (Appendix O). A shading response from
the system will reduce the canopy cover further.
Table 64— Species represented by the Acer glabrum pathway logic.
SIMPPLLE code
Species name
ACGL
Acer glabrum
ALINT
Alnus incana species tenuifolia
Alnus incana species tenuifolia-Betula occidentalis
ALINT-BETOC2

Amelanchier alnifolia Based Pathway
Amelanchier alnifolia is a native, deciduous shrub or small tree reaching heights
from 3 to 26 feet at maturity and is found from 5,000 to 10,000 feet in Colorado. A.
alnifolia reproduces by seed, sprouting from the root crown, rhizomes, and layering.
However, the most common form of reproduction is vegetative sprouting (Howard 1997).
A. alnifolia is a fire-dependent species and declines with fire exclusion (Amo and
Ottmar 1994). It may persist in the forest understory for decades but will eventually die
off with canopy closure (Howard 1997).
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A. alnifolia is the only species represented by this pathway logic (Appendix O).
Species growth progresses more slowly than the Acer glabrum pathways, and does not
increase to cover class 4. Cover class 4 was absent in the GIS coverages and A. alnifolia
does not dominate sites along the CFR. However, A. alnifolia is considered an important
species in various shrub types.

Artemisia tridentata Based Pathways
Artemisia tridentata is represented in the ARNF GIS coverages, however the
subspecies tridentata, wyomingensis, and vaseyana are not denoted. Knowledge of the
dominant subspecies is important as subspecies grow on sites with different productivity,
fuel build-up, and fire regimes. A. tridentata ssp. tridentata is documented as reaching
heights of nearly 14 feet on sites with deep, fertile soils. In contrast, A. tridentata ssp.
wyomingensis has a maximum height of 2.6 feet and grows on shallow, well drained
soils, and hotter sites. A. tridentata ssp. vaseyana is predominantly found in the warm
desert to montane parkland in deep, moist, and cool soils at maximum heights less than 3
feet tall (Wisdom and others 2003). Despite the differences among growth form, and site
characteristics, the land cover type classification for the Great Basin Ecoregion and
Nevada grouped the A. tridentata ssp. tridentata and^. tridentata ssp. tridentata
associations into the Wyoming-basin big sagebrush land cover type (Wisdom and others
2003). Furthermore, the sagebrush encountered in the ARNF is presumed to be A.
tridentata ssp. wyomingensis. Therefore, the CFR SIMPPLLE version combined the A.
tridentata ssp. tridentata and wyomingensis into one sagebrush pathway. The
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successional pathway for A. tridentata ssp. vaseyana is presented in the following
section.
Artemisia tridentata ssp. wyomingensis is a native shrub that is the most drought
tolerant o f the three major big sagebrush subspecies. A. tridentata ssp. wyomingensis is a
long-lived species; Ferguson (1964, as cited in Howard 1999) found the lifespan of some
plants exceeded 150 years. However, growth is slower for this subspecies than the other
two subspecies. In addition, drought conditions favor the establishment of A. tridentata
ssp. wyomingensis over bunchgrasses (Howard 1999).
Artemisia tridentata ssp. wyomingensis is not a sprouting shrub, and is easily
killed by fire. A. tridentata ssp. wyomingensis must establish from the seedbank, remnant
plants, or plants in adjacent areas (Howard 1999). Houston (1973, as cited by Young and
Evans 1978) found the fire frequency for sage/grass types in Yellowstone to be 32 to 70
years. Others have reported fire frequencies from 10 to 70 years (Howard 1999) and fire
is the primary means of renewal for decadent stands.
In areas heavily invaded by Bromiis tectorum fire regimes have been radically
altered. The fire spread and frequency increases with an abundant Bromus tectorum
understory because this annual is very flammable and forms more continuous cover. A.
tridentata ssp. wyomingensis sites in southern Idaho have burned two to three times in 10
years. The repeated burning removes A. tridentata ssp. wyomingensis from the site and
inhibits sage re-establishment. In some instances sagebrush sites are converted to annual
grasslands. Re-establishment o f A. tridentata ssp. wyomingensis following fire is slow
(Howard 1999). Wambolt and Payne (1986) failed to find^. tridentata ssp.
wyomingensis seedlings six years after a prescribed fire.
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Five species combinations are represented in the A. tridentata ssp. wyomingensis
pathway (table 65). Given

tridentata ssp. wyomingensis’ slow growth and

establishment, the pathway slowly moves to cover class 3 medium height stand
(Appendix O). Twenty years is required to move small size class stands to the medium
size class because these sites are typically water limited and in low productivity soils.
The A. tridentata ssp. wyomingensis-C. viscidiflorns pathway is a post-disturbance
pathway. While C. viscidiflorus is a common associate in Artemisia sites, it may
dominate a stand for up to 15 years post-fire, returning to pre-bum levels within 20 to 25
years (Tirmenstein 1999). Therefore, this pathway is a transition pathway from C.
viscidiflorus dominated site to a site dominated by Artemisia.
Table 65— Species represented by
SIM PPLLE code
ARTR2
ARTR2-CEM 02
ARTR2-JUC06
ARTRW8
ARTRW8-CHVI8

Artemisia tridentata pathway logic.
Species name
Artemisia tridentata
Artemisia tridentata-Cercocarpus montanus
Artemisia tridentata-Jimiperus communis
Artemisia tridentata ssp. wyomingensis
Artemisia tridentata ssp. wyomingensis-Chrysothamnus viscidiflorus

Artemisia tridentata ssp. vaseyana Based Pathways
Artemisia tridentata ssp. vaseyana is a native evergreen shrub found at the upper
elevational range o f sagebmsh in montane valleys and on foothill slopes and high ridges.
In Colorado, Artemisia tridentata ssp. vaseyana occurs at elevations from 7,760 to 8,480
feet. This species grows in full sun but will tolerate some shade when growing in
association with mature conifers (Johnson 2000).
Artemisia tridentata ssp. vaseyana does not sprout after fire and is easily killed by
even by light severity fires. Presettlement fire return intervals for Artemisia tridentata
ssp. vaseyana ranges from 15 to 25 years (Johnson 2000). In southwest Montana, Amo
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and Gruell (1983) consider average fire return interval of 20 years sufficient to control
Artemisia tridentata ssp. vaseyana invasion into grasslands. Juniperus woodlands
(Burkhardt and Tisdale 1976), Pimis contorta (Johnson 2000), and Psendotsuga menziesii
(Amo and Gruell 1983) have 'invdidQà Artemisia tridentata ssp. vaseyana communities as
a result of fire suppression. Artemisia tridentata ssp. vaseyana can act as a nurse plant
for Juniperus occidentalis. Burkhardt and Tisdale (1976) concluded that fire return
intervals of 30 to 40 years would control juniper invasion into Artemisia tridentata ssp.
vaseyana communities. Following lethal fires Artemisia tridentata ssp. vaseyana may
return to prebum densities in 15-20 years, however, stands may progress more slowly
with intense fires. In one study the first nine years of post fire growth was slow, but the
following 18 years sage cover increased greatly (Johnson 2000).
Two species combinations are represented by the A. tridentata ssp. vaseyana
pathway logic (table 66). Due to the mesic and more productive nature of the A.
tridentata ssp. vaseyana sites, progression from the small size class to medium takes only
one decade as compared to two with ssp. wyomingensis. The transition time from cover
class 2 to cover class 3 is also reduced, taking one decade as opposed to two decades
(Appendix O). All stands will culminate at cover class 3. The A. tridentata ssp.
vaseyana-P. tridentata pathway is a transition pathway to the climax P. tridentata
dominated or co-dominated stand. P. tridentata is also sensitive to fire but reestablishes
to pre-bum levels in about 30 years following fire (Zlatnik 1999).
Table 66— Species represented by ilie Artemisia tridentata ssp. vaseyana pathway logic.
_______ SIMPPLLE code____________________________ Species name___________________
ARTRV
Artemisia tridentata ssp. vaseyana
________ ARTRV-PUTR2___________ Artemisia tridentata ssp. vaseyana-Purshia tridentata
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Arctostaphyîos uva-ursi Based Pathway
Arctostaphylos uva-ursi is a native evergreen, prostrate shrub found between
6,000 and 11,700 feet in Colorado. Regeneration of the shrub is primarily asexual by
stolons. A. uva-ursi is a serai, shade-intolerant species that grows best in high light
situations. Thus, it is often the dominant understory species found in open Finns
contorta, Pinus flexilis, and Finns ponderosa forests. It is also found Psendotsuga
menziesii, Abies lasiocarpa, dind Popidus tremuloides forests (Crane 1991).
Arctostaphylos uva-ursi is a sprouting shrub adapted to fires of low severity and
high frequencies, but can also survive moderate fire. Furthermore, it is resistant to
ignition, thus inhibiting fire spread in light flashy fuels (Crane 1991). It has been
reported by Rowe (1983, as cited by Crane 1991) that A. uva-ursi seeds in the upper soil
layers survive fire and may be stimulated by heat to germinate. In Colorado, Clagg
(1975, as cited by Crane 1991) found that A. uva-ursi dominated the understory for the
first century following fire in a P. contorta stand.
While numerous species combinations exist for A, uva-ursi understories, only the
A. uva-ursi pathway is modeled in SIMPPLLE. Based on the GIS coverages, A. uva-ursi
cover did not exceed a mean value of 13%, but a maximum cover of 58% was found in
the southern portion of the CFR. Given the low mean cover of A. uva-ursi^ the pathway
reaches cover class 2 and cycles (Appendix O).

Cercocarpus montanus Based Pathways
Cercocarpus montanus is a native, deciduous, xerophytic shrub or small tree
reaching heights up to 19.8 feet. C. montanus is likely long lived, reaching 54 years old
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in the Uintah Basin of Utah. C montanus distribution is dependent on moisture
availability and is commonly found in coarse, shallow, well-drained soils. While C
montanus is somewhat shade tolerant, growing under Pinus ponderosa and Fseudotsiiga
menziesii canopies, it prefers sites without a forest canopy (Marshall 1995a). C.
montanus fills a variety of successional roles. In Utah, Brotherson and others (1984)
found that on high elevation north slopes C. montanus appears to be a serai species
transitioning into mountain shrub types. While on the more xeric southern exposures the
trend was progressing slowly if at all. It is assumed the sites for the CFR SIMPPLLE
version are relatively stable, maintaining C. montanus dominance.
Cercocarpus montanus bums less readily than many other species, and sprouts
vigorously from the root crown following most fires. Currently however, increased fuel
loads in these stands produce more severe fires than observed historically in these dry
open stands (Marshall 1995a).
Cercocarpus montanus pathway represents thirteen species combinations (table
67). The pathway logic for these species progresses from the small to medium size class
in one decade. The average C. montanus canopy cover, based on the GIS information for
the study area, is between 18 and 24%. Thus, this pathway reaches cover class 2 and
cycles. It is also assumed these stands do not reach tree stature and remain in the medium
size class (Appendix O).
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Table 67— Species represented by the Cercocarpus montanus pathway logic._________
SIMPPLLE code
Species name
XERIC-SHRUB
Generalized xeric shrub species
C E M 02
Cercocarpus montanus
C EM 02-A RTR 2
Cercocarpus montanus-Artemisia tridentata
C E M 02-A R U V
Cercocarpus montanus-Arctostaphylos uva-ursi
CEM 02-D AFL3
Cercocarpus montanus-Dasiphora floribunda
C E M 02-JU C 06
Cercocarpus montanus-Juniperus communis
C E M 02-P H M 04
Cercocarpus montanus-Physocarpus monogynus
CEM 02-PU TR 2
Cercocarpus montanus-Purshia tridentata
C E M 02-Q U G A
Cercocarpus montaniis-Quercus gambelii
CEM 02-R1BES
Cercocarpus montamis-Ribes species.
CEM02-R1CE
Cercocarpus montanus-Ribes cereum
CE M 02-SA LIX U
Cercocarpus montanus-\x\A<if\(X Salix species
________ CEM 02-SY O R 2____________ Cercocarpus montamis-Symphoricarpos oreophilus

Chrysothamnus viscidiflorus Based Pathways
Chrysothammis viscidiflorus is a native low growing (1-3.6 feet) shrub that
reproduces by resprouting and vigorous seed production. It grows on dry, well drained
course-textured soils, and is drought adapted and may occur in deserts or semi-desert
environments (Tirmenstein 1999a). Several subspecies exist (McArthur and others 1986,
as cited by Tirmenstein 1999a), yet for the purpose of the CFR system all subspecies are
treated together.
Chrysothamnus viscidiflorus is a subdominant in many Artemisia communities
and increases dominance as a result of root sprouting in response to disturbance in these
communities. Following root sprouting the seed produced renews the dominance of the
C viscidiflorus community for at least 15 years, while C. viscidiflorus will persist in
Artemisia dominated communities for 40 to 50 years (Young and Evans 1974).
Two species combinations are represented by the C. viscidiflorus pathway logic
(table 68). Limited information was available for Ericameria parryi and was assumed to
have a similar growth and disturbance response. Therefore it is included in the same
pathway logic. This pathway is meant to represent a serai disturbance community in
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which cover class values increase quickly to class 4 (Appendix O). Ancillary rules add
further functionality to the interaction of C. viscidiflorus 3.nd Artemisia communities.
SIM PPL LE code
CHVI8
ERPAA4

Species nam e

Chrysothamnus viscidiflorus
Ericameria parryi

Dasiphora floribunda Based Pathway
Dasiphora floribunda is a native, cold tolerant, deciduous shrub. The plant is
relatively long lived with plants found to be up to 36 years old. The primary means of
reproduction is seed, however, D. floribunda sprouts from the root crown following
disturbance. Vegetative reproduction (adventitious rooting of prostrate stems) has been
recorded. Growth rates have been reported as slow. D. floribunda occupies a wide range
o f sites from low valleys to mountain peaks, riparian areas to subalpine meadows and
upland areas. D. floribunda has been characterized as a transitional species from wetland
sites to drier upland areas. It has fair to weak drought tolerance, preferring open sites but
will grow in moderate shade (Anderson 2001b).
Fire will top kill D. floribunda but plants will resprout readily from the surviving
root crown. If D. floribunda is found growing in dense stands it may increase fire spread
and intensity due to its fibrous bark. However, fire occurs infrequently on D. floribunda
sites often as a result of insufficient fuel or mesic conditions (Anderson 2001b).
Only D. floribunda is represented by this pathway. Initial height growth of the
species is relatively slow taking two decades to progress to the medium size class
(Appendix O). Based on the GIS coverage, D. floribunda is generally found in low cover
classes at lower elevations in grass dominated types. However, all elevations and species
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combination are represented. The D. floribunda pathway progresses to cover class 2 and
cycles.

Jamesia americana Based Pathway
Jamesia americana is a native shrub growing to 6 feet tall in mesic conditions
among cliff and rock habitats (Holmgren and Holmgren 1989). The growth rate for this
shade intolerant species is moderate, as it reaches 3 feet after 20 years. J. americana
sprouts following fire disturbance (USDA 2004). Further information for J. americana is
limited, however it was documented in the Psendotsuga menziesii habitat type of the
ARNF by Hess and Alexander (1986). The type is described as occurring on steep slopes
in shallow, rocky, coarse-textured soils. Pinus ponderosa and Juniperus scopulorum are
common associates in this type (Hess and Alexander 1986)
Jamesia americana is the only species represented by this pathway. The pathway
proceeds relatively slowly, taking two decades, to achieve a medium size class. This
pathway proceeds to cover class 2 and cycles (Appendix O).

Juniperus communis Based Pathway
Juniperus communis is a native evergreen shrub that grows on a variety of sites
but typically is found throughout dryer wooded hillsides. J. communis is a long lived
plant with some individuals reaching 170 years old. Throughout most of its range J.
communis grows as a low decumbent shrub, however in some areas it grows to 13 feet.
This pathway assumes J. communis to take the decumbent growth form. Thus, height at
maturity will range from 2 to 5 feet.
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Juniperus communis does not sprout after fire, some seeds may survive and
germinate post-fire, however, other seed is brought to the site by birds, or mammals
contributing to the slow post-fire reestablishment. A study in Colorado found J.
communis took from 8 to 18 years to appear in post-fire communities and it has been
found to be an important species even after 100 years post disturbance in high elevation
forests (Tirmenstein 1999b).
Three combinations of species are represented by the J. communis pathway (table
69). This pathway moves slowly (2 decades) to the medium size class. A large size class
is not available. The pathway increases to cover class 2 and cycles (Appendix O).
SIM PPLLE code
JU C 06
JU C 06-A R U V
JU C 06-SALIX U

Species name

Juniperus communis
Juniperus communis-Arctostaphylos uva-ursi
Juniperus communis-\x\Am\d Salix species

Mesic Shrub Based Pathway
The mesic shrub pathway is a generalized pathway based on species such as
Prunus virginiana and Symphoricarpos species. The GAP landcover analysis for
Colorado classified mesic shrubs as “most often Rocky Mountain maple (Acer glabrum),
serviceberry (Amelanchier alnifolia), and/or chokecherry (Prunis virginiana) are
dominant or co-dominant” (CDW 1998). Due to the previous representation o f^ .
glabrum and A. alnifolia this pathway generally encompasses P. virginiana and
Symphoricarpos species.
This pathway proceeds rapidly to the large size class and high densities
(Appendix O). The rapid increase in size and cover class are related to the mesic site
conditions and rapid growth of these species.
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Physocarpiis monogynus Based Pathway
Physocarpus monogynus is a native, deciduous shrub found from the foothills to
the subalpine zone. Little information was available for P, monogynus and the following
description is based on the similar species, Physocarpus malvaceus. This shrub generally
grows from 2 to 7 feet tall and is found in mesic Pinus ponderosa and Psendotsuga
menziesii sites, as well as mixed conifer sites up to 10,000 feet. Cover and height of P.
species decrease with increased forest canopy cover. Physocarpus species sprout
following fire and are noted as fire resistant (Habeck 1992).
Physocarpus monogynus is the only species represented by this pathway. This
pathway increases from small to medium size class in one decade, progressing to cover
class 3 medium size class and cycles (Appendix O). The P. monogynus pathway
represents a species of typically moderate cover and stature.

Purshia tridentata Based Pathway
Purshia tridentata is a native deciduous shrub found on all slopes and aspects. P.
tridentata has two common ecotypes, found in the CFR. One form is a multi-stemmed,
decumbent plant, while the other is a single-stemmed columnar plant. P. tridentata is a
long lived plant with individuals reported up to 128 years-old. Regeneration of P.
tridentata includes seed establishment, stem layering (decumbent variety only), and
limited sprouting. P. tridentata reaches seed producing age after 8 to 10 years depending
on local conditions. Rodent caches of seeds are often crucial to the P. tridentata
regeneration (Zlatnik 1999). In Colorado, Erdman (1969) found P. tridentata to be a
serai species in pinyon-juniper stands of the Mesa Verde. Others have noted the shade
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intolerance and ability of P. tridentata to colonize disturbed sites (Zlatnik 1999). Austin
and Umess (1983) found that in climax communities approaching 70 years old stands
become decadent and productivity declines.
Purshia tridentata is easily killed by fire, but Blaisdell and Mueggler (1965)
reported P. tridentata as a weak sprouter. P. tridentata occurs in communities with a
variety of fire regimes. Fuel loading in Artemisia-Piirshia and Jiiniperus-Purshia
communities is light except in decadent stands, when combined with extremely dry
windy conditions, may produce severe fire. A wide range of fire frequencies (2 to 300
years) has been proposed for communities associated with P. tridentata (Zlatnik 1999).
As with Artemisia communities, Bromus tectorum invasion will increase fine fuel loads
and increase fire frequency. Furthermore, studies have concluded that annual plant
competition limits the survival and growth rates of emergent P. tridentata seedlings
(Holmgren 1956, Murray 1983). Studies have shown recovery of P. tridentata takes too
long to make fire a useful tool in managing P. tridentata. In Idaho it took from 15 to 20
for the community to recover. However, in both Oregon and Washington after nearly 30
years P. tridentata densities were lower than pre-bum densities (Zlatnik 1999).
The Purshia tridentata pathway represents three upland shrub combinations (table
70). P, tridentata rarely exceeds the medium size class or cover class 3, thus there is no
large size class. This pathway move from small to medium size in one decade, however
there is a delay in moving from cover class 2 to 3 due to the 8 to 10 years needed for
young P. tridentata to produce seed. After reaching cover class 3 this pathway cycles
(Appendix O).
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Table 70— Species represented by the Purshia tridentata pathwaj; logic.
SIM PPLLE code
Species name
PUTR2
Purshia tridentata
PUTR2-ARTRV

Purshia tridentata-Artemisia tridentata ssp. vaseyana

PUTR2-RIBES

Purshia tridentata-Ribes species

Quercus gambelii Based Pathway
Querciis gambelii is a native shrub that often forms clones to establish dense
patches ranging from 3 to 20 feet tall. It is a long-lived, drought resistant shrub living up
to 120 years old. The growth rate of Q. gambelii decreases with age (Barger and Ffolliott
1972). While Q. gambelii reproduces both by seed and by sprouting, it relies more
strongly on vegetative reproduction (Simonin 2000). In southern Colorado Brown
(1958) found Q. gambelii to be secondary successional species in association with Pinus
ponderosa and Psendotsuga menziesii stands removed by fire or logging. Engle and
others (1983) found Q. gambelii to be a persistent subclimax to conifers or a climax
species in the foothills. In the absence of fire Q, gambelii stands reach maturity in 60 to
80 years at which point natural die-off begins, this creates more openings for sprouts
(Simonin 2000).
Quercus gambelii is a fire-adapted species; prolific sprouting following fire
assists the recovery of these shrub communities. Sprouting stems may reach up to 18
inches high 1 year following a fire. Depending on the fire intensity and frequency a
grass-forb stage may occur (Simonin 2000). Wright (1972) predicted continuous growth
following fire leading to a community matching the pre-fire community 18 years after the
fire.
The Quercus gambelii pathway represents six Quercus species combinations
(table 71). This pathway increases rapidly from a small size class/cover class 1 to a
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medium size class/cover class 2. The pathway then increases to the large size class/cover
class 3. This state represents the majority of the stands found in the GIS coverage
(maximum cover 70% with an average cover of 31%). Two decades are required to
move from cover class 2 to 3 and from the medium size class to the large size class, thus
addressing the decrease in growth following the first few years post-disturbance
(Appendix O).
SIM PPL LE code
QUGA
Q UGA-AM AL2
QUGA-ARUV
Q U G A -C EM 02
Q UG A-JUC06
QUGA-SALIXU
QUGA-VASC

Species name
Quercus gambelii
Quercus gambelii-Amelanchier alnifolia
Quercus gambelii^Arctostaphylos uva-ursi
Quercus gambelii-Cercocarpus montanus
Quercus gambelii-Juniperus communis
Quercus gambelii-\xp\Q.nà Salix species
Quercus gambelii-Vaccinium scoparium

Rib es Species Based Pathways
The description of the Ribes species pathways is based on Ribes cereum. Ribes is
a native deciduous shrub. R. cereum is often found on dry, open slopes and is shade
intolerant. Thus, the species is found on early serai communities and decreases as the
overstory cover increases. Ribes plays and important role in shading conifer seedlings on
open sites. Ribes species reproduce mainly by seed, and are described as having a weak
ability to sprout. It takes three years for the species to seed and the seeds require a
scarification treatment to germinate. Seed may remain viable in the soil for years
(Marshall 1995b).
Ribes are often killed by fire and due to their weak sprouting ability rely on soilstored seeds for regeneration (Marshall 1995b). Quick (1962) found Ribes developed
more rapidly and fruited earlier on severely burned areas as opposed to partially burned
thickets.
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The Ribes pathway represents four upland shrub species combinations (table 72).
Similar to Physocarpus monogynus, this pathway increases from small to medium size
class in one decade, progressing to cover class 2 medium size and cycles (Appendix O).
Therefore, this pathway represents species o f typically lower cover and stature.
Table 72— Species represented by the Ribes species pathw ay logic.
SIM PPLLE code
Species name
Ribes species
RIBES
Ribes species-Purshia tridentata
RIBES-PUTR2
RICE
Ribes cereum
Shepherdia canadensis
SHCA

Salix glauca Based Pathway
Salix glauca is a native deciduous shrub commonly growing from 3 to 4 feet tall.
On exposed sites and in alpine conditions it takes a semiprostrate form. The primary
form of reproduction for S. glauca is by seed; however it does sprout from the root crown
following fire or other disturbances and is thus a fire adapted species. Forest litter
generally inhibits the germination of S. glauca seedlings. Dom (1977) noted the
distribution of S. glauca in the Rocky Mountains as being limited to well-drained sites in
alpine and subalpine communities. S. glauca is an early serai species and is eventually
displaced if an overstory canopy develops due to its low shade tolerance. Wind-dispersed
seed of S. glauca is important in colonizing burned sites (Uchytal 1992).
Salix glauca is a fire adapted species, sprouting from the root crown following
fire. This pathway represents only S. glauca. The pathway progresses rapidly to cover
class 3 medium size class stand and cycles (Appendix O). It is assumed that this species
will either be in harsh subalpine or alpine situation and as such will dominate the site.
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Riparian Salix Species Based Pathways
Due to the lack of detail in the GIS coverage available for the study area, the
following description of riparian Salix species pathways will be based on Salix exigiia, a
common riparian species. S. exigua is a deciduous shrub or small tree that may form
thickets through root suckers. Although vegetative reproduction is important, especially
with disturbed sites, seed production tends to be more important for establishing stands.
S. exigua is a pioneer species, often replaced by cottonwoods. It is found adjacent to
watercourses or on well-drained, moist benches and bottomlands. This species is shade
intolerant and is often only present approximately 10 years before overstory species begin
to shade them out. Associated species include Betula occidentalis and Alniis incana spp.
tenuifolia {\JchyXdi\ 1989c).
Salix exigua sprouts following fire, and prolific seeding allows for rapid
colonization of adjacent disturbed sites. These stands may also act as a firebreak due to
the moist soils and high moisture content of the vegetation (Uchytal 1989c).
The riparian Salix pathway represents three shrub species combinations (table 73).
This pathway proceeds rapidly throughout all possible size and cover classes to finally
cycle in a large structured cover class 4 stand (Appendix O). Available moisture and the
lack of overstory competition allow this pathway to progress rapidly through the various
states.
SIM PPL L E code
SALIX
SALIX-ALINT
SALIX-BEOC2

Species name
Riparian Salix species

Salix spec'iQS-Alnus incana spp. tenuifolia
Salix spQCXQS-Betula occidentalis
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Upland Salix Species Based Pathway
Due to the lack o f detail in the GIS coverage available for the study area, the
following description of upland Salix species pathways will be based on Salix
scouleriana, a common upland species. S. scouleriana is a tall shrub or small tree
growing to 35 feet tall and having many to one main stem. This upland Salix species is
found in a large range of sites from swamps to high elevation rocky areas. It most
commonly occurs as scattered individuals in open canopy forests and transition zones
from riparian areas to upland areas (Anderson 2001c).
Salix scouleriana is common in open areas following disturbance due to its ability
to resprout from the root crown, and windbome seeds (Weaver 1917, as cited in
Mueggler 1965). Mueggler (1965) found S. scouleriana benefited from burning in Idaho
and substantially higher frequency and cover of S. scouleriana occurred on sites with
<25% forest canopy cover. While S, scouleriana is shade intolerant, it maintains small
populations under thick forest cover as a persistent serai species (Anderson 2001c). In a
northern Idaho study S. scouleriana was found to reach peak cover values within eight
years (Stickney 1986). However, another Idaho study found S. scouleriana achieved its
maximum frequency and cover in stands from 20 to 30 years old (Mueggler 1965).
Two species combinations are represented by the upland Salix pathway (table 74).
While this pathway progresses rapidly through the various size and cover classes, the
pathway cycles with a large size class, cover class of 3 (Appendix O). The cover class 4
pathway is available for post-disturbance sites. Limiting the pathway progression at
cover class 3 reflects the interaction of this species with overstory cover.
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Table 74— Species represented by the upland Salix species pathw ay logic.
SIM PPL L E code
Species nam e
Upland Salix species
SALIXU
Upland Salix species-^iTiej species
SALIXU-RIBES

Vaccinium myrtillus Based Pathways
Vaccinium myrtillus is a native rhizomatous shrub growing to 18 inches tall. V.
myrtillus generally lives to 15 years old and can reproduce by seed, but reproduction
occurs primarily through its extensive rhizome network. V. myrtillus occurs in open
woods, high ridges and moraines, as well as in climax Picea engelmannii-Abies
lasiocarpa and Pinus contorta stands in Colorado (Clagg 1975).
Vaccinium myrtillus is adapted to both high and low frequency fire regime
because o f sprouting from the surviving rhizomes following fire (Tirmenstein 1990).
Clagg (1975) found V. myrtillus to establish understory dominance nearly 100 years
following fire. Regeneration by seed is poor due to the low viability and their heat
sensitive nature (Tirmenstein 1990).
The Vaccinium myrtillus pathway represents two species combinations (table 75).
This pathway remains in the small size class throughout its progression, but does reach
cover class 3 (Appendix O). The cover class progression of this pathway is slowed in
cover class 2, requiring 2 decades to progress, to capture the moderate rhizomatous
growth of this species.
SIM PPL LE Code
VAM Y2
VASC

Species Nam e

Vaccinium myrtillus
Vaccinium scoparium
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Pinus edulis-Junipenis scopulorum Pathway
Pinus edulis-Juniperus scopulorum woodland type is found on foothills, low
mountains, mesas, and plateaus from elevation of 4,000 to 8,000 feet throughout its range
(Evans 1988). This woodland type is slow growing (table 76), and depends exclusively
on seed production and dispersal for stand maintenance (Anderson 2002).

Size class

A ge (yrs)
Pinyon
Juniper
7
10

Seedling
Young
seedling
Sapling
Mature
vigorous
Mature old
Source: Blackburn

Basal Diam eter cm (in.)
Pinyon
Juniper
.5 (.19)
.5 (.19)

Height cm (in.)
Pinyon
Juniper
15(5.9)
15 (5.9)

28

45

3 (1.18)

3 (1.18)

70 (27.56)

73 (28.74)

45

84

6 (2.36)

6 (2.36)

158 (62.20)

158 (62.20)

73
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15 (5.9)

12 (4.7)

334 (131.49)

303 (119.29)

24 (9.44)

16 (6.299)

477 (187.79)

389 (153.14)

102
137
and Tueller 1970.

Regeneration of P. edulis-J. species stands are limited by microsite conditions, the
presence of nurse plants, chemical reactions among plants and competition between
plants (Evans 1988). Evans (1988) reported good seed production in P. edulis trees from
75 to 100 years old, but maximum seed production likely occurs in tree from 160 to 200
years old. In contrast, J. scopulorum may produce seed from 10 to 20 years old but
maximum seed production is from 50 to 200 years old. Furthermore, while J.
scopulorum is capable of seed production every year, large seed crops occur every 2 to 5
years (Scher 2002). Birds and rodents are the main agents of seed dispersal; carrying up
to 30,000 seeds 6 miles a day (Evans 1988). The need of nurse plants for the survival of
P. edulis seedlings has been widely reported (Everett 1987, Gottfried 1987, Evans 1988).
Although P. edulis is shade intolerant, canopy cover on these sites is generally sparse and
the microenvironment created by the nurse plant moderates temperature and available
soil moisture. In Oregon and Utah Juniperus occidentalis seedlings were found primarily
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under the canopies o f Artemisia species and other established Juniperus species (Evans
1988, Barney and Frischknecht 1974).
It appears that Pinus edulis-Jiiniperus invasion into grasslands is affected by
herbaceous competition. Blackburn and Tueller (1970) reported that the invasion of
these woodland species into grasslands occurred in concert with above normal, near
normal, and slightly below normal precipitation years. Thus, herbaceous species would
not have been stressed by drought, on the contrary herbaceous competition may have
increased in these communities. It is possible that during wet years moisture related
competition is sufficiently reduced to allow the establishment of Juniperus in the thickest
herbaceous stands (Johnsen 1962, as cited in Blackburn and Tueller 1970).
Several successional models have been proposed for P. edulis-Jiiniperus species
woodlands. In Colorado Erdman (1969) documented a generalized successional model
for this woodland type progressing from a skeletal forest to climax conditions (figure 6).
Figure 8— Erdm an (1969) Pinus edulis-Juniperus species successional model.
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While useful, this generic view of succession in P. edulis-Juniperus species
stands has been challenged. Everett and Ward (1984) proposed a modification to the
Erdman model, suggesting the “initial floristic” succession model of Egler (1954, as cited
by Everett and Ward 1984, Tausch and others 1981, Koniak 1985) better described these
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systems. As a result, Everett and Ward (1984) modified the successional model of
Erdman (1969) to represent multiple post-fire communities (figure 7).
Figure 9— Everett and W ard fl9 8 4 ) Pinus edulis-Juniperus species successional model._______
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An additional succession model has been proposed for west-central Utah (Barney
and Frischknecht 1974) (figure 8).
Figure 10— Barney and Frischknecht (1974) Pinus edulis-Juniperus species successional model.
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Barney and Frischknecht (1974) found the annual stage reached maximum
development in post-fire year 3 or 4, and was replaced by perennial grasses by post-fire
year 5 or 6 if there was a fair remnant of native grasses in the pre-bum community. The
shrub stage, in this case Artemisia species, began developing at post-fire year 11 but did
not reach site dominance until year 35. Similarly, Juniperus occurred in year 11 but did
not establish site dominance until approximately year 70. P. edulis occurred in minor
amounts in the oldest stands (100+ years) and as such was not considered as part of the
post-fire community (Barney and Frischknecht 1974).
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Pinus edulis and J. scopulorum are sensitive to fire and may be readily killed by
fire when trees are less than 4 feet tall. However, as both species mature they become
more resistant to fire (Evans 1988, Scher 2002) and as P. edulis-J. species begin to
dominate a site it becomes more resistant to fire. Juniperus dominated stands compete
directly with understory vegetation. As competition increases there is a subsequent
reduction in herbaceous species reduces the fine fuels required to carry a ground fire
(Bunting 1987).
The P. edulis-J. scopulorum pathway represents seven species combinations
(table 77). As with the growth of P. edulis-J. scopulorum trees, the pathway progresses
slowly through each size and cover class taking 30 years to move from saplings to the
medium size class. Medium size class stands require 50 years to proceed to the large size
class for a total of 80 years. Because good seed production occurs in Juniperus species
from 50 years and over 100 years in P. edulis over 100 years is required to increase
canopy cover in this pathway (Appendix O).

SIM PPL LE code
JUMO
JUMO-PIED
JUSC2
JUSC2-PIED
PIED
PIED-JUMO
PIED-JUSC2

Species nam e

Juniperus monosperma
Juniperus monosperma-Piniis edulis
Juniperus scopulorum
Juniperus scopulorum-Pinus edulis
Pinus edulis
Pinus edulis-Juniperus monosperma
Pinus edulis-Juniperus scopulorum

Forest Pathways
Through the integration of GIS data and Colorado habitat type classifications 95
forest pathways were delineated (Appendix L). While a detailed discussion of the these
pathways is beyond the scope o f this report it should be noted that the forested pathways
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for the CFR were based on those completed for the eastside of the Continental Divide in
Region One. However, a direct translation of the time between structural changes was
not appropriate because the size class resulting from the Colorado GIS data does not
match that o f Region One (table 78). Therefore, adjustments were made to the pathways
in an effort to maintain consistency across system versions.

Size classes
Established seedling
Sapling
Pole
Medium
Large
Very large
T,,'— A - , V

C olorado definition
(inches)
0.0-0.9
1.0-4.9
N/A
5.0-8.9
9.0-15.9
>16.0

Eastside Region One
definition’
(inches)
N/A
0.0-4.9
5.0-8.9
9.0-14.9
15.0-20.9
>21

Regeneration Logic
The concept of species and/or structural change in SIMPPLLE requires the use of
several different system components. Because this LDSS is spatially explicit, the
pathways contain only the knowledge relevant to the species or species combination at
hand. Knowledge regarding neighboring plant communities is contained within several
different compartments o f the system (Chew per. comm. 2004). One of these
components is the regeneration logic table. Regeneration in SIMPPLLE is handled as a
process and relies on spatially explicit information. Regeneration logic is referenced
under two scenarios: 1) following a stand-replacing fire (fire regeneration); and, 2) when
non-forested sites exist on a forested habitat type (succession regeneration) (Chew and
others 2003). Fire regeneration is further separated into five components used to
determine the seed source from which a community can regenerate. The five components
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in order o f importance are; resprouting, adjacent resprouting, in place seed, in landscape
seed, and adjacent seed sources.
Sprouting regeneration was developed for Populus tremuloides and Populus
angiistifolia in Region One and is used for the CFR. The inclusion of the shrub pathways
in the CFR system applies the same logic to 16 shrub species (Appendix G).
Furthermore, it is assumed all gr amino ids in the CFR version experience stand-replacing
fire resulting in the removal of above ground biomass. Therefore, all graminoids except
Bromus tectorum^ an annual species reproducing solely by seed, are capable of
resprouting from the remaining root crown except in cases of extreme soil scorch. As a
result, graminoid communities will regain their pre-fire character shortly after
disturbance events.
Adjacent resprouting is a combination of a species resprouting in an adjacent
community and available seed crop for that species (Chew and others 2003). This
regeneration logic was developed for Populus tremuloides and Populus angustifolia
stands in earlier system versions. However, the CFR version of SIMPPLLE extends this
logic to include graminoid species, which reproduce vegetatively such as Poapratensis.
The combination o f vegetative growth and viable seed will revegetate adjacent sites,
granted it will take longer than if existing species were to resprout on site. Thirteen
graminoid species combinations are capable of adjacent resprouting (table 79). Shrub
species were not considered for this type of regeneration because most shrub species
sprout from the root crown.
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SIM PPLLE code
BOGR2
CACA4
CAEL3-CARUD
C A F03
CAREX
CAREX-JUNCO
CAREXU
CAREXU-CARU
C A R 05
CARUD-FEBRC
JUBAL-CAGE2
PASM
POPR

Species name
Bouteloua gracilis
Calamagrostis canadensis
Car ex elynoides-Carex rapes tris
Carex foenea
Carex species
Carex-Juncus species
upland Carex species
upland Carex-Calamagrostis rubescens
Carex rossii
Carex nipestris-Festuca brachyphylla
Junciis balticus-Carex geyeri
Pascopyrum smithii
Poa pratensis

Seed from on site refers to species, which produce viable seed that is capable of
surviving a fire event. The CFR SIMPPLLE version assumes that all bunchgrasses, and
Bromus tectorum, will have some fraction o f surviving seed following all but the most
severe fire intensities. Eighteen graminoid and nine shrub species combinations are
capable of establishing from in-place seed (table 80).
Landscape seed source logic was developed to reflect the dispersal of Pinus
flexilis and Pinus albicaulis by birds (Chew and others 2003). We used the same logic
for Pinus edulis, Juniperus scopulorum, and Juniperus monosperma for the CFR. Evans
(1988) documented the effectiveness of this method of seed dispersal noting birds will
carry up to 30,000 P. edulis and Juniperus seeds 6 miles a day.
Seed from adjacent communities in CFR version of SIMPPLLE is provided for
situations in which none o f the prior regeneration strategies apply to a site. SIMPPLLE
evaluates adjacent communities, which are producing seed, and populates the site based
on the species with the largest adjacent acreage (Chew and others 2003). This process is
well suited for non-sprouting species that rely on adjacent communities as a seed source.
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Nine species combinations are capable of establishing via adjacent community seed
sources (table 81).
T able 80— Species represented by on-site seed regeneration logic.____________________
SIM PPLLE code
Lifeform
Species name
ACHY
G
Achnatherum hymenoides
BRTE
G
Bromus tectorum
CAGE2
G
Carex geyeri
CAPU
G
Calamagrostis purpurascens
G
FEAR2
Festuca arizonica
FEAR2-BOGR2
G
Festuca arizonica-Bouteloua gracilis
G
FEAR2-DAPA2
Festuca arizonica-Danthonia parryi
G
FEAR2-MUMO
Festuca arizonica-Muhlenbergia montana
G
FEID
Festuca idahoensis
G
FETH
Festuca thurberi
G
H E C 026
Hesperostipa comata
G
LEK12
Leucopoa kingii
G
MUMO
Muhlenbergia montana
G
PH C 09-P 0A L 2
Phleum alpimim-Poa alpina
G
POAL2-CAEL3
Poa alpina-Carex elynoides
G
POAL2-KOMY
Poa alpina-Kobresia myosuroides
G
POFE
Poa fendleriana
G
PSSP6
Pseudoroegneria spicata
S
ARTR2
Artemisia tridentata
S
ARTRV
Artemisia tridentata ssp. vaseyana
S

ARTRV-PUTR2

s
s
s
s
s
s

ARTRW8
PUTR2
PUTR2-ARTRV
RIBES
R1BES-PUTR2
RICE

Artemisia tridentata ssp. vaseyana-Purshia
tridentata
Artemisia tridentata ssp. wyomingensis
Purshia tridentata
Purshia tridentata-Artemisia tridentata
Ribes species
Ribes species-Pwrj/i/û tridentata
Ribes cereum

Table 81— Species represented by adjacent seed source regeneration logic.
Lifeform
SIM PPLLE Code
Species Name
G
Bromus tectorum
BRTE
S
ARTR2
Artemisia tridentata
S
A R TR 2-JU C06
Artemisia tridentata-Juniperus communis
ARTRV
Artemisia tridentata ssp. vaseyana
S

s
s
s
s
s

ARTRV-PUTR2
ARTRW8
JU C 06
PUTR2
PUTR2-ARTRV

Artemisia tridentata ssp. vaseyana-Purshia
tridentata
Artemisia tridentata ssp. wyomingensis
Juniperus communis
Purshia tridentata
Purshia tridentata-Artemisia tridentata
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SUMMARY
This section catalogs the methods and assumptions used to build successional
pathways and regeneration logie for forest and non-forest species along the CFR. The
pathways are based on published research, other literature including habitat type manuals,
and existing versions o f the LDSS SIMPPLLE. The task was challenging considering the
ecological and spatial amplitude of the research area, the number of species modeled, and
in general, a lack of long-term ecological monitoring following various disturbances for
many of the species. Despite these challenges, the CFR version of SIMPPLLE is capable
of capturing the interactions between species combinations throughout six ecological
zones along the east-slope of the Colorado Rockies
The literature review revealed a dearth of ecological information, especially for
non-forest species. For example, in many studies basic ecological information such as
average time required for an ecological site to regain its post-disturbance character was
not available. Moreover, specific studies were often limited in geographic extent. As a
result, information gathered on a study in Utah or Idaho would have to be extrapolated to
the conditions existing along the CFR for the purpose of this system version. Because
species response to disturbance is often linked to the specific circumstances present at the
time of treatment, some studies provided conflicting results, or results so vague they were
of little use. For example, the fire return intervals summarized for Artemisia tridentata
ssp. wyomingensis range from 10 to 70 years (Howard 1999). These gaps and
inconsistencies in the literature suggest a strong need for renewed ecological research on
successional change.
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The treatment and documentation o f non-forest types for this version of
SIMPPLLE is an improvement over previous versions. This project provides a thorough
review of non-forest species, their interactions, and the logic need to capture the
disturbance processes specific to these ecological sites. While we have provided an
extensive literature review in regards to the dominant non-forest species important to the
CFR, there is still need for more detailed information on system processes specific to
non-forest communities. For example, it was necessary for processes such as wildlife
browsing to be treated coarsely because of a lack o f information. There is no doubt that
additional information and refined logic, which will require additional research studies,
would improve future versions. Furthermore, we believe that for the non-forest types
current information on species interactions could be improved with linking ecological site
information to future SIMPPLLE versions. The Natural Resources Conservation Service
has developed ecological site guides, which characterize dominant “climax” vegetation
by soil type and precipitation zone. This information, while in draft form for Colorado
(Kot pers. comm. 2003), would be beneficial in describing these non-forest communities.
It is important that the CFR version now undergo review by ecologist and
managers that have experience and sound knowledge of the region and its characteristics.
While the ecological stratification by zone has been used for several other ecological
applications (Peet 1978), this stratification may not be fine enough to capture species
interactions documented in the habitat type manuals for Colorado. Moreover, the course
scale of the GIS data being collected does not readily result in polygon habitat type
classifications. Thus there is a loss of documented stand specific information when
migrating to the current ecological stratification in SIMPPLLE. By including ecologists
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and managers invested in this area, we may identify the need for supplemental GIS data
to link with the habitat type classifications. We may also identify the need to create a
north and south version of the system to deal with the latitudinal changes that occur in
vegetation along the CFR. A review of the CFR version of SIMPPLLE will increase
communication among the stakeholders in this process and provide valuable insight to the
priorities and needs o f a LDSS for the CFR.
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SECTION TWO: Non-Forest Simulations
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METHODS
The following section documents the process employed to simulate target
vegetation types in the CFR version of SIMPPLLE 2.3.1.0 dated December 15, 2004.
The developers of SIMPPLLE are continually upgrading the logic behind the simulation
system. In an attempt to facilitate further refinement of the LDSS, evaluation of the
target species mountain big sagebrush {Artemisia tridentata ssp. vaseyana) and Wyoming
big sagebrush {A.t. ssp. wyomingensis) isolates SIMPPLLE simulation behavior to verify
the default logic driving successional growth and fire response for non-forest
communities. Specifically the objective of these simulations is to answer the following
questions:
•

Does SIMPPLLE accurately capture the growth response of mountain and
Wyoming big sagebrush communities?

Does SIMPPLLE accurately represent differences between fire suppression
and wildfire (no fire suppression) scenarios in mountain and Wyoming big
sagebrush communities?

It should also be noted that the vegetation inventory of the simulation area used to
evaluate sagebrush target species originally did not include native sagebrush
communities. The lack o f sagebrush in the simulation area may be considered
problematic; however, the default version of SIMPPLLE for the CFR is not sensitive to
changes in latitude. The model will respond the same whether simulating an area in
northern or southern Colorado. Providing the target species are located within the
appropriate communities the spatial interactions will not change. Furthermore, due to
inventory deficiencies in shrub and herbaceous information for northern Colorado, the
detailed vegetation coverages from southern Colorado was selected as the simulation
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area. Due to the flexibility of the modeling system and its reliance on GIS information
for the initial landscape conditions the creation of sagebrush communities in a southern
Colorado landscape is a representative abstraction of non-forest community dynamics
within SIMPPLLE.
The methods portion o f this section is divided into four subsections. Presented is
a description of the simulation area, identification of the target species, simulation
process details, and discussion of fire suppression and wildfire treatments.

Simulation Area
The Wet Mountains are located on the San Isabel National Forest in south-central
Colorado (map 2) and cover approximately 253,919 acres. Elevations range from 5,935
ft. in the pinyon-juniper/Gambel oak woodlands 12,227 ft. in the Engelmann
spruce/subalpine fir subalpine zone. Average annual precipitation for the Wet Mountains
is approximately 24 inches (DeVelice and others 1986). This island mountain range was
selected as the simulation area based on its broad ecological amplitude, the detailed and
diverse GIS vegetation attributes, and its clear spatial boundaries.
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The vegetation coverage received from the Region Two Forest Service listed 338
species combinations throughout all ecological zones (map 3). Three species
combinations were reduced to fit the model parameters allowing only two-way
combinations, and combinations not found in SIMPPLLE pathways were converted to a
logical equivalent pathway. As a result 89 unique species combinations were simulated
(Appendix P). Table 82 lists the acreage of each dominant lifeform group in the
simulation area.

Lifeform s
Trees
Shrubs
Graminoids
Forbs
Bare ground
Unknown/Water

Acres
169,212
40,082
35,146
958
8,394
127

Target Species
The two target species are mountain big sagebrush {Artemisia tridentata ssp.
vaseyana) and Wyoming big sagebrush {A. t. ssp. wyomingensis). These communities
were scarce in the original GIS coverage of the CFR and missing entirely from the Wet
Mountains. However, their selection as target species and insertion into the Wet
Mountains landscape will still provide representative conditions for the evaluation of
SIMPPLLE’s non-forest species logic.
The big sagebrush subspecies were selected for several reasons. Not only are
these shrubs important economically throughout the Intermountain Sagebrush Steppe and
Great Basin— Colorado Plateau Sagebrush Semi-desert (West 1983a,b), they are
invaluable as habitat for wildlife species such as the sage grouse (Connelly and others
2004, Wisdom and others 2003). Furthermore, these communities occupy very different
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ecological sites resulting in varying fire intervals and disturbance response patterns. In
addition, these communities are subject to woodland and forest conversion (Manier and
Laven 2002, Bunting 2002, Veblen and Lorenz 1991, Amo and Gruell 1986).
Documentation of species successional response for many non-forest species is lacking or
incomplete. However, because big sagebrush species (A. tridentata spp.) are such a
major component of the Great Basin— Colorado Plateau and Intermountain Sagebrush
Steppe ecosystems, considerably more information is available (West 1983a,b), thereby
allowing for a qualitative comparison of SIMPPLLE simulated big sagebrush
communities and ecological literature.

SIMPPLLE Simulations
Simulations were based on the Wet Mountains CVU GIS coverage provided by
the USDA Forest Service. RMRS personnel edited the coverage by adding seven data
columns required by SIMPPLLE. The additional columns are SLINK (a unique
identifier), STAND ID, ACRES, HABITAT TYPE GROUP, SIMPPLLE SPECIES,
SIZE CLASS, and DENSITY (Chew and others 2003). These fields were then populated
using the original coverage data and the results of zonal statistics created from the DEM
when establishing the ecological zones. Next, systematic species conversions were made
to establish target communities, in representative locations, throughout the simulation
area. Lower montane pinyon-juniper communities were converted to Wyoming big
sagebrush. Similarly, upper montane pinyon-juniper stands were converted to mountain
big sagebrush. Following the conversion, all large size class big sagebrush stands were
converted to a medium shrub to comply with system parameters. The resulting acreage
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for the target species is presented in table 83. In addition, the extreme fire spread and
occurrence logic was disabled to avoid the effects o f infrequent, high consequence
community alteration. Detailed directions for migrating data into SIMPPLLE are
provided in the draft U.S.D.A. Forest Service general technical report, User guide fo r
SIMPPLLE (Chew and others 2003).
Table 83— Target species m ountain big sagebrush and W yom ing
acreage in the W et M ountains o f southern C olorado.
T arget species
Mountain big sagebrush
Wyoming big sagebrush

big sagebrush beginning polygon
Acres
5113
5023

SIMPPLLE is a stochastic simulation system; unique results are produced for
each simulation (Mladenoff 2004). To determine the number of simulations needed to
capture the variation in system output across the simulation area I used multi-response
permutation procedures (MRPP) (Mielke and others 1981). The MRPP method was built
into an Excel macro for use with SIMPPLLE (Mielke and others 1976). The macro,
“Comparison of multi-decade simulation runs using multi-response permutation
procedures” was used to compare the variability between pairs of 20 and 30 simulation
model runs to determine the appropriate number of simulations to capture the variability
across the simulation area. Simulation groups that are not significantly different were
selected and assumed to capture the variability across the landscape.
MRPP is similar to the t test and the one-way analysis of variance F test.
However, it does not depend on assumption of normal population distribution and
homogeneous variance. This test is based on the within-group average of pair-wise
distance measures between object and response values in a Euclidian data space. Thus,
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the null distribution is based on all possible permutations of the objects into groups of
specific sizes (Zimmerman and others 1985).
The MRPP method (Mielke and others 1976 as cited by Zimmerman and others
1985) was used to compare the similarity between simulations for the target species with
the Succession Regeneration component operating and without the component to assess
the influence o f the function in the regeneration of the target species.

Fire Suppression verses Wildfire Simulations
General trends in fire suppression and wildfire scenarios should differ
considerably. In addition, fire return intervals should be different for each target species.
SIMPPLLE does not use fire return intervals in the fire logic (Chew and others 2003).
Fire behavior is captured using Fire Spread, Type of Fire, and Species Fire Resistance
logic. However, fire return intervals are useful in describing the influence of fire on
mountain and Wyoming big sagebrush. To capture fire interval patterns individual
simulation summaries for each species were isolated. This provides a qualitative look at
how fire influences each community through time. Next, to explore the long-term
patterns of fire suppression and wildfire changes in average acreage were compared.
These comparisons were made by querying the simulation files and isolating the target
species response through time. These comparisons were only conducted on simulations
without the confounding influence of the Succession Regeneration function.
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RESULTS AND DISCUSSION
As a result of simulating target non-forest species several interesting trends
emerged from using the default version of SIMPPLLE 2.3.1.0. Comparison of 20 and 30
simulation groups showed that 20 simulations were not sufficient to capture the variation
in the Wet Mountain landscape. Pathway progression of the target species was
inconsistent, not always following the defined pathways. Species response to fire
suppression and wildfire treatments, while significantly different, do not respond as
predicted by the ecological literature. Creation of a new model component termed
“Succession Regeneration,” functioning within the regeneration table, is responsible for
much of the inconsistency in treatment response. Following reprogramming and
enhancement of this function and identification of pathway errors the CFR version of
SIMPPLLE should provide users with realistic simulations of non-forest vegetation
dynamics.
The following section details the influences of Landscape Variation on the
number of simulations required for the Wet Mountains simulation area, reviews Pathway
Progression using simulation output, evaluates the impact of Succession Regeneration
Logic, and explores Fire Suppression and Wildfire trends for mountain big sagebrush and
Wyoming big sagebrush.

Landscape Variation
The vegetation communities of the southern Rocky Mountains exhibit incredible
variation throughout their range (Peet and Baker 1991). Disturbance plays a major role
in shaping the vegetation found along the CFR (Keane and others 2002, Peet 1981, Marr
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1967). Due to the importance o f disturbance and ecological processes influencing
vegetation patterns throughout the region, it is critical that simulations capture the
process variability described in the model. Failure to capture an extreme disturbance
event such as stand-replacing fire that causes long-term vegetation alteration would
provide misleading information to end-users.
The MRPP test statistic compared the similarity of groups of model simulations
for variation among the output data. As a result, 20 simulations were significantly
dissimilar (tables 84, 85) and therefore did not capture the simulated variation of
vegetation communities in the Wet Mountains. Thus, 30 simulations were used for
further investigation of target species succession and disturbance response (tables 84, 85).
Table 84 — M ultiple regression perm utation procedure results for com parison o f sim ilarity between
Species
mountain big sagebrush with fire
suppression
mountain big sagebrush without
fire suppression
mountain big sagebrush with fire
suppression
mountain big sagebrush without
fire suppression

N um ber o f
sim ulations
20

Perm utation probability groups
are sim ilar
0.0036

20

P - 0.00000029

30

P = 0.5015

30

f = 1.0

Table 85— M ultiple regression perm utation procedure results for comparison of sim ilarity between
Species
Wyoming big sagebrush with fire
suppression
W yoming big sagebrush without
fire suppression
Wyoming big sagebrush with fire
suppression
W yoming big sagebrush without
fire suppression

N um ber o f
Sim ulations
20

Perm utation Probability
Groups are similar
0.0549

P - 0.00000904

20
30

1.0

30

P = 1.0
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Pathway Progression
Species pathways are the fundamental logic driving species growth in SIMPPLLE
(Chew pers. comm. 2004). The defined pathways detail the logical species-specific
growth and disturbance response for each simulated community; it is critical that this
system component function correctly. The following discussion reviews the pathway
logic for the target species (see Section One, Results, Artemisia tridentata based
pathways for further discussion) and simulations results based on these pathways. Next,
the Succession Regeneration function of the model is introduced and reviewed.

Default Pathway Logic
The target species mountain big sagebrush is found in deep, cool soils on mesic
sites (Beetle 1960, 1961, Blaisdell and others 1982, McArthur and others 1979) often
adjacent to ponderosa pine {Pinus ponderosa) and Douglas-fir {Pseiidotsuga menziesii)
forests (Beetle 1961, Beetle and Johnson 1982, Johnson and others 1994). These
communities are productive with a well-developed herbaceous understory (Tisdale 1994).
Thus, growth is relatively rapid in these communities with seedlings reaching
reproductive maturity in 3 to 5 years (Bunting and others 1987).
In contrast, Wyoming big sagebrush occupies relatively shallow and well-drained
soils on arid, frigid sites (Barker and McKell 1983, Bonham and others 1991, Winward
1983). These relatively unproductive communities are characterized by sparse ground
cover (Tisdale 1994). Furthermore, Wyoming big sagebrush is a slow growing species
even when moisture and nutrients are not limiting (Blank and others 1994, Booth and
others 1990).
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SIMPPLLE must represent the different site productivity and growth response of
mountain and Wyoming big sagebrush. Variations in the pathways for the target species
is one method used to capture differences in growth response. The slower growth of
Wyoming big sagebrush was achieved by adding a second time-step in the small size
class, thus requiring an additional decade of growth before achieving a medium size class
(figures 11 and 12). Similarly, an additional time-step was added to the medium size
class cover class 2 time-steps to represent the additional time required to move into cover
class 3 as opposed to mountain big sagebrush communities (figures 11 and 12).
Figure 11— Successional pathway for Wyoming big sagebrush.
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Figure 12— Successional pathway for mountain big sagebrush.
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Although the successional pathways account for growth response differences
among the sagebrush species, SIMPPLLE pathway progression for mountain big
sagebrush and Wyoming big sagebrush are conflicting. Review of simulation results for
target species found that while some communities followed the documented successional
pathway (figure 13), others reverted from medium size class to small size class and from
cover class 2 to cover class 1 in the absence of disturbance (figure 14). Moreover, once
these stands are converted to small size class/cover class 1 they cycle without following
the defined successional pathway growth pattern, until disturbance or other factors
influence the community (figure 14). Additional non-forest species should be
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investigated to determine if this abnormality is reoccurring in other communities. In this
version o f SIMPPLLE for the non-forest vegetation growth is unstable and not
functioning as expected.
Figure 13— Expected simulation results for mountain big sagebrush community with fire
suppression.
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Figure 14— Unexpected simulation results for mountain big sagebrush community with fire
suppression.

History Treatment History
Time Resulting State
0
1
2
3

ARTRV/HEDlUH-SH/2

4
5
6

ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1

7
8
9
10

ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1

Process

Probability

SUCCESSION
SUCCESSION

N/A
98

SUCCESSION
SUCCESSION

98
98
98
98
98

SUCCESSION
SUCCESSION
SUCCESSION

ARTRV/SHALL-SH/1

SUCCESSION
SUCCESSION

ARTRV/SHALL-SH/1
ARTRV/SHALL-SH/1

SUCCESSION
SUCCESSION

98
98
98
98

Succession Regeneration Logic
Conversion o f rangeland sites to adjacent woodland and forest community types
is well documented (Manier and Laven 2002, Bunting 2002, Veblen and Lorenz 1991,
Amo and Gmell 1986). To capture the movement o f woodland and forest species into
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shrubland and grassland communities the developers of SIMPPLLE added a Succession
Regeneration component. The purpose o f this component is to allow plant communities
to “seed-into” other communities without requiring disturbance such as a fire event
(Chew pers. comm. 2005). Succession Regeneration logic identifies communities that
are susceptible to invasion by woodland or forest species. Once these communities are
identified the system checks the neighboring polygons to see if appropriate successional
dominant species are present and of an age class capable of producing seed. The
succession dominant species having the largest acreage and the capacity to produce seed
then colonizes the polygon. Succession dominant species are designated and ordered by
user preference in the regeneration table (figure 15).
Figure 15— Species identified as possible successional dominant on mountain big sagebrush
communities along the CFR.
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Simulation comparisons with and without the Succession Regeneration function
active show significant differences in acreage between mountain big sagebrush with fire
suppression (P< 0.05), mountain big sagebrush with wildfire (P< 0.05), Wyoming big
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sagebrush with fire suppression (P< 0.05), and Wyoming big sagebrush with wildfire
(<0.05) (Appendices O and P). Therefore, the Succession Regeneration logic has
significant impact on target species acreages regardless of fire suppression or wildfire
treatments.
The results of this comparison indicate a need for further refinement of the
Succession Regeneration logic because a vast number of the sagebrush communities are
being converted into forest and woodland communities within the first simulation decade
regardless of fire suppression or wildfire (figure 16). For example, of the 5,113 original
acres of mountain big sagebrush 4,280 o f those acres were converted to conifer species
within the first decade in the first of 30 simulations (figure 17). Similar trends were
found in Wyoming big sagebrush communities (figure 18). The Succession Regeneration
logic is too aggressive in conversion of non-forest stands into adjacent woodland and
forest communities. Site conversion should take prolonged periods and occur only on
susceptible sites throughout the landscape. For example, in west-central Utah, Barney
and Frischknecht (1974) found it took juniper approximately 70 years to become
dominate on sagebrush sites following fire. Furthermore, some sagebrush communities
are edaphic climax communities and will not support woodland or forest species
(Tiedeman and others 1987). Once these communities are converted to forest species,
SIMPPLLE then uses the fire logic of the new forest community. This is problematic
because while forest species are developing, the shrub community is still exerting
ecological dominance over the site. Thus, the fire logic for the site should be governed
by the non-forest species forest community reaches adequate size class and cover class
gain ecological superiority on the site. Therefore, adjustments are needed in the
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Succession Regeneration function to produce simulation results similar to literature based
process descriptions. SIMPPLLE developers are conceptualizing an interface allowing
users to view grass, shrub, and forest species simultaneously occupying a site (Chew
pers. comm. 2005). This multiple life form component will enhance user’s abilities to
interpret life form interactions and determine which community is dominating the site.
Figure 16— Mountain big sagebrush (ARTRV) community converting to a ponderosa pine (PIPO)
community the first simulation decade with succession regeneration.
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Figure 17— Mountain big sagebrush acreage with and without succession regeneration under fire
suppression and wildfire scenarios.
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Figure 18— W yoming big sagebrush acreage with and without succession regeneration under fire
suppression and wildfire scenarios.
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Alteration of the Succession Regeneration function may include several
enhancements. 1) Users should be able to set a probability for the number of sites that
are susceptible to Succession Regeneration. 2) GIS queries should be used to identify
habitat types or a landform layer should be added to the system to refine the ecological
stratification. This would account for edaphic climax communities and other
environmental factors limiting conifer establishment on harsh sites. 3) A time delay
should be added to prevent the majority of community conversion within one decade. 4)
Fire logic for shrub communities should persist despite the early stages of conifer
invasion. 5) The multiple life form interface should be implemented to enhance user’s
understanding of life form interactions and the results of the Succession Regeneration
component. It is possible to edit the Fire Spread and Fire Type logic to achieve some of
theses needs (Chew pers. comm. 2005); however for those not familiar with SIMPPLLE

127

these modifications are difficult. Incorporation of these changes will enhance the ability
of this function to capture community interactions and successional dynamics.

Fire Suppression versus Wildfire
Big sagebrush subspecies do not sprout and are easily killed by fire (Beetle and
Young 1965, Blaisdell and others 1982). They must establish from a seedbank, remnant
plants, or plants in adjacent areas (Blaisdell and others 1982, McArthur and others 1977,
Bushey 1987). Although these species are not well adapted to fire, periodic fire is a
critical component of these ecosystems (Welch and Criddle 2003, Bunting and others
2002, West 1983a). Moreover, fire is the primary mean of renewal for stands of
Wyoming big sagebrush (Blank and others 1994). Mountain big sagebrush is also
dependent on periodic fire to control pinyon-juniper invasion and community dominance
(Burkhardt and Tisdale 1976). Therefore, it is critical SIMPPLLE realistically capture
the influence of fire in sagebrush communities.

Fire Return Interval
Fire return intervals for big sagebrush subspecies are the source of continuous
debate. Welch and Criddle (2003) in their literature review of fire return intervals for
mountain big sagebrush go on to state “O f all the axioms we have challenged in this
paper, none is more speculative, that is not based on scientific investigation, than this
one.” They conclude the previously accepted fire return interval for mountain big
sagebrush of 20 to 30 years is too frequent; likely, the interval was 50 years or more.
This view is still being debated. In contrast, fire intervals for Wyoming big sagebrush
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have been suggested from 60 to 100 years (Wright and Bailey 1982, Whisenant 1990).
Regardless of the debate over fire intervals for mountain big sagebrush, Wyoming and
mountain big sagebrush communities exhibit vastly different fire return intervals.
Fire return intervals for mountain big sagebrush tend to vary from 1 to 3 decades
(figure 19). While Welch and Criddle (2003) report a mean fire interval of
approximately 50 years some variation is to be expected based on site condition, location,
seasonal moisture, and adjacent vegetation communities. Others report fire intervals
from 15 to 25 years throughout mountain sagebrush communities (Burkhardt and Tisdale
1969, Houston 1973, Miller and others 2000). The simulated fire return intervals of 1 to
3 decades are adequate to capture the reported range o f variation in these communities.
Figure 19— Fire return intervals in mountain big sagebrush communities for one 20 decade
simulation^
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Fire intervals for Wyoming big sagebrush are conflicting. Simulations exist
where fire intervals range from one to three decades. These intervals are not supported
by the literature (Wright and Bailey 1982, Whisenant 1990) (figure 20). Interestingly,
within the same simulation, fire return intervals were identified from five to nine decades
(figure 21). Fire intervals ranging from 50 to 100 years are supported by Britton and
others (1981), Bunting and others (1987), Frandsen (1983), Young and Evans (1981), and
Whisenant (1990). Thus, if the appropriate fire logic could be altered to consistently
simulate fire intervals as those found from 5 to 9 decades (figure 21), SIMPPLLE would
be capturing the appropriate fire interval range for these communities.
It is important to note that while the default fire logic for SIMPPLLE may bum
the target communities more often than expected, users can tailor this function by
adjusting attributes such as Fire Spread, Type of Fire, and Species Resistance (Chew
pers. comm. 2005).
Figure 20— Example of unexpected fire return intervals in Wyoming big sagebrush communities.
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Figure 21— Example of expected fire return intervals in Wyoming big sagebrush communities.
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General Fire Response Pattern
Mountain big sagebrush and Wyoming big sagebrush show increases in total
acres regardless o f fire suppression or wildfire scenarios (table 86; figures 22 and 23).
These results do not reflect documented fire suppression and wildfire response of the
target species. Fire suppression treatments should result in decreases in target species
acreage over the 200-year simulation period due to encroachment from conifer and
woodland species. Wildfire treatments should result in acreage fluctuations due to the
recovery time required by each subspecies to seed back into the community following
fire.
Table 86— Acreage increases in target species following 20 decade simulation of fire suppression and
wildfire.
Total acres
Species
Original acres
Fire suppression
Wildfire
Mountain big sagebrush
5,113
7,887
10,105
Wyoming big sagebrush

5,023

5,379
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6,850

Fire Suppression
Numerous studies have shown that with fire suppression sagebrush communities
are often invaded by conifer species or decline as a result of insects and disease (Bunting
and others 2002, Veblen and Lorenz 1991, Amo and Gruell 1986, Passey and Hugie
1962, Fumiss and Barr 1975, McArthur and others 1990). Therefore, the increase in
overall acres of the target species is misleading and should instead show periods of
decline (table 86; figures 22 and 23). The Succession Regeneration function, with the
modifications described previously, should eliminate this erroneous trend. Another
possibility is the incorporation o f an Encroachment feature present in other versions of
SIMPPLLE.

Wildfire
As reviewed previously, wildfire is an integral part of maintaining big sagebrush
communities on the landscape. SIMPPLLE simulations show steady increases in
sagebrush acreage (table 86; figures 22 and 23). These increases are not supported by the
literature. In contrast, burning sagebrush communities is an effective way to remove
sagebrush from a community for several years (Hamiss and Murray 1973, Humphrey
1984, Wambolt and others 2001). Furthermore, Bunting and others (1987) found post
disturbance recovery takes at least 15 years for mountain big sagebrush communities.
Similarly, Wambolt and others (2001) found burning decreased mountain big sagebmsh
canopy cover for more than 16 years in southwestern Montana. In contrast, Wyoming
big sagebrush was found to take more than 30 years to recover (Wambolt and others
2001, Watts and Wambolt 1996). One would expect to see fluctuations in target species
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acreages as periodic fire removes sagebrush from the community. There would also be
differences in the cyclic fire recovery pattern for each target species due to longer
recovery time required for Wyoming big sagebrush (Wambolt and others 2001).
Therefore, the acreage of sagebrush should not increase through time but instead,
fluctuate as a function o f wildfire and species recovery time. Currently SIMPPLLE for
the CFR is not sensitive to the variations in fire response between mountain big
sagebrush and Wyoming big sagebrush. Modifications to the target species seeding logic
will improve representation of wildfire recovery for these communities. SIMPPLLE’s
default parameters do not reflect the general fire response patterns documented in the
literature.
Figure 22— Mountain big sagebrush acreage resulting from 20-decade simulations of fire suppression
and wildfire.
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Figure 23— W yoming big sagebrush acreage resulting from 20-decade simulations of fire suppression
and wildfire.
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SUMMARY
Isolation of target communities is an important exercise in validating the behavior
of LOSS and their treatment of vegetation communities. Logic defined in one component
of the system (i.e., succession pathways) may follow document species processes exactly,
yet the function of another component of the model (i.e., regeneration) may override or
redirect system functions to provide misleading results. The process of isolating and
investigating individual communities provides a window into the fundamental polygon
interactions which are often masked by landscape level trends. As is said, “the whole is
only as good as the sum o f its parts,” LDSS are no different, if there are inconsistencies at
one level of the system those will be reflected in the final output.
Simulations of mountain big sagebrush and Wyoming big sagebrush highlighted
the interactions between the new Succession Regeneration function and disturbance
response logic in the CFR version of SIMPPLLE 2.3.1.0. The Succession Regeneration
function exerts an overpowering effect on the non-forest species; reducing their acreage
and influence on the landscape almost immediately. Removing this effect, however,
prompted an increase in sagebrush communities regardless of fire suppression or wildfire
treatments. This increase in acreage appears to be the result of reseeding logic in the
regeneration component. SIMPPLLE is seeding sagebrush into adjacent communities
following disturbance. Literature tells us that sagebrush successional patterns fall
somewhere between the range of simulation results. Therefore it is important to review
and refine the Succession Regeneration logic as well as the fire and regeneration logic
which defines sagebrush behavior in the CFR version of SIMPPLLE.
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The ecological stratification for the CFR version of SIMPPLLE is course
compared to the habitat type classifications used for the Region One system version.
This stratification is problematic in SIMPPLLE. For example, the ability to identify
which foothills Wyoming big sagebrush communities that are susceptible to pinyonjuniper invasion does not exist with the current stratification. All Wyoming big
sagebrush sites are considered equally prone to woodland conversion due to edaphic and
other environmental conditions (Tiedeman and others 1987). Including landform or soils
layers would provide additional community stratification. Identification of general
habitat types through CIS queries would also provide developers an opportunity to
further stratify the CFR landscape.
Further isolation and review of other shrub and grassland species is needed to
ensure inconsistencies identified in the sagebrush communities are not propagating
throughout other non-forested communities. Each non-forest community is unique in its
ecological role in the landscape. While there is neither the literature nor the modeling
language available to capture these intricacies, capturing major species response to
disturbance (i.e., sprouting or seeding response) or succession interactions such as conifer
invasion of shrub lands and grasslands over prolonged periods of fire suppression is
critical. Only if these fundamental community characteristics are captured realistically
will DSS provide the necessary information on which managers can base their decisions.
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CONCLUSION
Landscape dynamic simulation systems are important tools in helping land
managers visualize the potential outcome of multiple management scenarios over long
time periods. To be effective, these systems must be built on sound ecological principles.
Expert opinion and literature based systems provide the opportunity for continual
enhancement as new ecological principals are accepted, and for managers to tailor system
response to specific circumstances or conditions that are unique to their management
area. The CFR version of SIMPPLLE fulfills these requirements and is capable of
capturing the interactions between species combinations throughout six ecological zones
along the east-slope of the Colorado Rockies.
Identifying appropriate literature to base model parameters is at best challenging.
Through the course of this process a lack of literature regarding the successional and
disturbance response of vegetation communities was identified. These knowledge gaps
are especially evident in non-forest communities. Furthermore, of the present literature,
there is still significant debate as to the “true” behavior o f important non-forest
communities. As a result, expert experience and anecdotal information for specific
locations becomes exceedingly important. The lack of well defined community
ecological behavior in some vegetation types is a weakness o f current simulation
systems. Therefore, it is critical that research in non-forest community types continue to
answer fundamental ecological questions.
Inconsistencies do exist in the default system version evaluated for this project.
Species do not consistently follow diagrammed pathway growth logic. Succession
Regeneration logic does not mimic documented community invasion of shrubland and
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grassland species by conifers, and fire suppression and wildfire response of sagebrush
species does not mimic documented community response. The inconsistencies I found in
structural development of sagebrush communities have been corrected. Medium
structured shrub types remain as such until disturbance or site conversion. Enhancement
of the Succession Regeneration function and an enhanced ecological stratification will
yield literature supported site conversion dynamics as well as fire suppression and
wildfire response. Installation of a multiple life form interface will improve user’s ability
to interpret community interactions. Minimal adjustments are needed to the fire spread
logic to capture longer intervals between Wyoming big sagebrush fire intervals which
were observed on some sites. SIMPPLLE provides the user multiple options to address
these inconsistencies through the alteration of system logic such as modifying
regeneration methods, fire type, and fire spread, among other attributes.
It is important to remember SIMPPLLE is a management tool, which at some
point must balance the desire for ecological precision and complexity with the questions
being asked. Managers must approach SIMPPLLE from the stand point of what
information is important in making the necessary decisions? What level of detail is
required? What vegetation communities are important and should be tracked through
time? Asking these questions before beginning the simulation process will greatly
streamline the process and place SIMPPLLE output in the appropriate perspective. As
demonstrated by this investigation of two subspecies of sagebrush, the default parameters
may not always capture the ecological response of each vegetation comrnunity.
However, many options exist to calibrate the system in order to capture community
ecological behavior.
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A P P E N D IC E S
Appendix A— Colorado Front Range dominant species by ecological zone.
Scientific name
Ecological zone
Common name
Abies iasiocarpa
subalpine fir
Artemisia scopulorum
alpine sagebrush
Car ex elynoides
blackroot sedge
Carex foenea
dryspike sedge
Carex rupestris
Drummond’s sedge
sedge species
Carex species
western Indian paintbrush
Castilleja occidentalis
shrubby cinquefoil
Dasiphora floribunda
alpine timothy
Phleum alpinum
bristlecone pine
Pinus aristata
lodgepole pine
Pinus conforta
Alpine
Engelmann spruce
Picea engelmannii
limber pine
Pinus flexilis
alpine bluegrass
Poa alpina
quaking aspen
Populus tremuloides
Douglas-fir
Pseudotsuga menziesii
northern w illow
Salix arctophila
grayleaf willow
Salix glauca
willow species
Salix species
moss campion
Silene acaulis
whortleberry
Vaccinium myrtillus
grouse whortleberry
Vaccinium scoparium
Subalpine

Abies concolor
Abies iasiocarpa
Arnica cordifolia
Artemisia scopulorum
Artemisia tridentata
Arctostaphylos uva-ursi
Carex foenea
Carex geyeri
Carex species
Cercocarpus montanus
Dasiphora floribunda
Juncus balticus
Juniperus communis
Juniperus scopulorum
Pinus aristata
Pinus conforta
Pinus edulis
Picea engelmannii
Pinus flexilis
Pinus ponderosa
Pinus pungens
Populus angustifolia
Populus deltoides
Populus tremuloides
Pseudotsuga menziesii
Purshia tridentata
Quercus gambelii
Salix glauca
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white fir
subalpine fir
heartleaf arnica
alpine sagebrush
big sagebrush
kinnikinnick
dryspike sedge
elk sedge
sedge species
alderleaf mountain mahogany
shrubby cinquefoil
Baltic rush
common juniper
Rocky Mountain juniper
bristlecone pine
lodgepole pine
two-needle pinyon
Engelmann spruce
limber pine
ponderosa pine
blue spruce
narrowleaf cottonwood
plains cottonwood
quaking aspen
Douglas-fir
antelope bitterbrush
Gambel oak
grayleaf w illow

Scientific name
Salix species
Senecio species
Silene acaulis
Thalictrum dioicum
Trifolium species
Vaccinium myrtillus
Vaccinium scoparium

Common name
w illow species
ragwort species
moss campion
early meadow-rue
clover species
whortleberry
grouse whortleberry

Upper Montane

Abies concolor
Abies Iasiocarpa
Alnus incana ssp. tenuifolia
Artemisia tridentata
Arctostaphylos uva-ursi
Carex species
Cercocarpus montanus
Dasiphora floribunda
Juniperus communis
Juniperus scopulorum
Pinus contorta
Pinus edulis
Pinus engelmannii
Pinus flexilis
Pinus ponderosa
Picea pungens
Populus angustifolia
Populus tremuloides
Pseudotsuga menziesii
Purshia tridentata
Quercus gambelii
Ribes cereum
Salix species

white fir
subalpine fir
thinleaf alder
big sagebrush
kinnikinnick
sedge species
alderleaf mountain mahogany
shrubby cinquefoil
common rush
Rocky Mountain juniper
lodgepole pine
two-needle pinyon
Engelmann spruce
limber pine
ponderosa pine
blue spruce
narrowleaf cottonwood
quaking aspen
Douglas-fir
antelope bitterbrush
Gambel oak
wax current
willow species

Lower Montane

Abies concolor
Alnus incana ssp. tenuifolia
Artemisia tridentata
Arctostaphylos uva-ursi
Betula occidentalis
Carex species
Cercocarpus montanus
Juniperus communis
Juniperus scopulorum
Pinus contorta
Pinus edulis
Pinus engelmannii
Pinus flexilis
Pinus ponderosa
Picea pungens
Populus angustifolia
Populus deltoides
Populus tremuloides
Pseudotsuga menziesii
Quercus gambelii
Ribes species
Salix species

white fir
thinleaf alder
big sagebrush
kinnikinnick
water birch
sedge species
alderleaf mountain mahogany
common rush
Rocky Mountain juniper
lodgepole pine
two-needle pinyon
Engelmann spruce
limber pine
ponderosa pine
blue spruce
narrowleaf cottonwood
plains cottonwood
quaking aspen
Douglas-fir
Gambel oak
current species
willow species

Ecological zone

Subalpine Cont.
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Ecological zone

Foothills

Scientific name
Arctostaphylos uva-ursi
Cercocarpus montanus
Juniperus communis
Juniperus scopulorum
Pinus contorta
Pinus contorta
Pinus edulis
Pinus engelmannii
Pinus ponderosa
Picea pungens
Populus angustifolia
Populus tremuloides
Pseudotsuga menziesii
Quercus gambelii
Salix species

Pinus engelmannii
Pseudotsuga menziesii
Source; Common vegetation unit CIS data for Region 2
*Plains query returned primarily records with elevation equal to zero.
Plains
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Common name
kinnikinnick
alderleaf mountain mahogany
common juniper
Rocky Mountain juniper
lodgepole pine
lodgepole pine
two-needle pinyon
Engelmann spruce
ponderosa pine
blue spruce
narrowleaf cottonwood
quaking aspen
Douglas-fir
Gambel oak
w illow species
Engelmann spruce
Douglas-fir

Appendix B— North habitat types.
Dominant overstory

Juniperus scopulorum

Shrubs

Grasses

Cercocarpus montanus

Hesperostipa comata

Purshia tridentata

Muhlenbergia montana, Carex rossii

Artemisia tridentata

Achnatherum hymenoides

Cercocarpus montanus

Carex rossii

Purshia tridentata

Leucopoa kingii, Muhlenbergia montana

Pinus ponderosa

Muhlenbergia montana
Leucopoa kingii
Carex rossii

Pseudotsuga menziesii

Physocarpus monogynus

Leucopoa kingii

Jamesia americana

Carex rossii
Carex geyeri
Carex rossii
Festuca thiirberi

Populus tremuloides

Carex geyeri
Juniperus communis

Pinus flexilis

Calamagrostis purpurascens, Carex
rossii
Calamagrostis purpurascens

Pinus contorta

Juniperus communis

Calamagrostis purpurascens, Carex
rossii

Shepherdia canadensis

Carex geyeri, Carex rossii

Vaccinium scoparium

Carex geyeri
Carex geyeri

Picea engelmannii

Calamagrostis purpurascens
Vaccinium scoparium

Abies Iasiocarpa

Carex rossii, Calamagrostis canadensis
Carex geyeri
Calamagrostis canadensis
Calamagrostis purpurascens. Carex
foenea

Pinus aristata
Populus angustifolia

Salix spp., Acer glabrum

Calamagrostis canadensis
Carex foenea, Calamagrostis canadensis,
Poa pro tens is

Picea pungens
Sources: Hess and Alexander 1986, Alexander 1987.
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Appendix C— Description o f northern Colorado habitat types used as reference communities for
pathway construction.

Juniperus scopulorum Series
Juniperus scopulorum/Cercocarpus montanus type is typically found on steep (45 to 65%)
exposed and rocky slopes. This habitat type is the most xeric type in the RNF. Pinus ponderosa and

Pseudotsuga menziesii are sparse and widely scattered throughout the open J. scopulorum. C. montanus
dominates the understory with between 18 and 22% cover. Hesperostipa comata is one o f the significant
graminoids in this type.

Juniperus scopulorum/Purshia tridentata type is found on dry steep slopes (50 to 75%) in the
northern portion o f the RNF. P. ponderosa and P. menziesii are scarce throughout the type dominated by J.

scopulorum and P. tridentata (16 to 20% cover). Muhlenbergia montana and Carex rossii are important
understory species.

Juniperus scopulorum/Artemisia tridentata type is another dry habitat type found on steep (45 to
75%), south-facing slopes in the northern portion o f the RNF. P. ponderosa and P. menziesii are a minor
component o f this type. Achnatherum hymenoides is an important understory species.

Pinus ponderosa Series
Pinus ponderosa/Cercocarpus montanus is the major forest type o f the foothills and lower montane zone
throughout the RNF. This habitat type occurs on moderate slopes (35 to 60%) with southeast to southwest
aspect. This type is one o f the driest P. ponderosa types and is characterized by the consistent presence and
limited reproduction o f P. ponderosa and the abundance and dominance o f C. montanus (10 to 17% cover).

Carex rossii is an important graminoid.
Hess and Alexander (1986) documented the P. ponderosa/Purshia tridentata habitat type as a
major forest type in the montane zone throughout the northern extent o f the RNF. In addition, this dry type
is found on gentle (10 to 55%), south-facing slopes. Open P. ponderosa stands commonly have J.

scopulorum and Pseudotsuga menziesii growing in association. P. tridentata dominates the understory and
important graminoids are Leucopoa kingii and Muhlenbergia montanus.
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The P. ponderosa/M. montanus habitat type is a minor component in the central and southern
extent o f the RNF. This habitat type is typically found occupying hilltops and moderate to steep (40 to
65%) south-facing slopes. Again, stands o f pines are interspersed with J. scopulorum and P. menziesii with
M montanus comprising 5 to 17% o f the understory cover. Pinus flexilis may be present. DeV elice and
others (1986) recognized this habitat type in northern N ew M exico and southern Colorado.
Hess and Alexander (1986) documented the P. ponderosa/Leucopoa kingii habitat type as a major
forest type throughout the RNF. Typically, this type is found on gentle to moderate (10 to 40%) slopes
except for south slopes. P. menziesii and P. flexilis are scattered throughout a relatively closed and
productive P. ponderosa overstory. L. kingii dominates the graminoid layer with 5 to 16% cover.
The P. ponderosa/C. rossii habitat type occurs in small areas, scattered throughout the RNF. The
habitat type occupies gentle to moderate (5 to 35%) slopes and various aspects at higher elevations and
northerly aspects at lower elevations. These stands are relatively closed and vigorous in which J.

scopulorum and P. menziesii are minor and infrequent stand components. C. rossii dominates the
understory with 7 to 16% cover; however, C. montanus and Juniperus communis are consistent throughout
the type. A similar type was identified in the Pike National Forest (PNF).

Pseudotsuga menziesii Series
The Pseudotsuga menziesii/Carex rossii habitat type is a widely distributed but relatively minor type
occurring at low elevations and on steep (45 to 60%) north to northwest slopes. This is the driest type in
the P. menziesii series. Serai tree associates include P. ponderosa and Juniperus scopulorum. The shrub
layer consists o f few Juniperus communis and Physocarpus monogynus. Carex rossii is the dominant
graminoid with 4 to 5% average cover.
The P. menziesii/Carex geyeri habitat type is a minor habitat type located west o f the Continental
Divide on the Arapaho National Forest (ANF). This type is found on very steep (45 to 80%) north to
northwest-facing slopes. This type is wetter than the P. menziesii/C. rossii type found along the CFR o f the
RNF. The canopy in this type is relatively closed with C. geyeri comprising 26 to 42% o f the understory
cover. Occasional J. scopulorum and Symphoricarpos species are found throughout the type.
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Hess and Alexander (1986) document a P. menziesii/P. monogynus habitat type as a common and
widely distributed type east o f the Continental Divide. This type occurs on wetter sites than the Carex
dominated habitat type on steep (55 to 65%) north to northwest-facing slopes. P. ponderosa and J.

scopulorum are the serai tree species,

Jamesia americana, J. communis, and Symphoricarpos species

as associated shrubs. Physocarpus monogynus comprises 14 to 35% o f the understory cover. Leucopoa

kingii is an important understory species.
The P. menziesii/J. americana habitat type has a broad distribution but is not locally abundant in
the RNF. This type is found on steep to very steep (55 to 75%) north to northwest-facing slopes. Pinus

ponderosa and J. scopulorum are the serai tree associates. J. americana makes up 17 to 29% o f the
understory cover, yN\ih Acer glabrum, J. communis, and P. monogynus as associated shrubs. C. rossii is an
important graminoid in this type.

Populus tremuloides Series
The Populus tremuloides/Festuca thurberi habitat type is the driest o f the P. tremuloides types. It
is found on both sides o f the Continental Divide, but is more common on the ANF. This type is often
found adjacent to X\\e Artemisia dominated shrublands and on moderate (20 to 30%) south-facing slopes or
ridge line depressions were snow accumulates. F. thurberi is the dominant understory species with 36 to
45% cover. Associated shrubs include Amelanchier alnifolia, Artemisia tridentata. and Symphoricarpos
species.
Hess and Alexander (1986) documented the P. tremuloides/Carex geyeri habitat type as widely
distributed throughout the ARNF. This type, while most conspicuous in the northern RNF, occurs on
moderate to steep (15 to 60%) south-facing slopes. C geyeri makes up 28 to 42% o f the understory.

Juniperus communis is an important understory associate.

Pinus flexilis Series
The Pinus flexilis/Juniperus communis habitat type is a minor component on the ARNF. This type
is found on ridge tops and moderate (15 to 40%) upper slopes. The open tree canopy is dominated by P.

flexilis. Pinus ponderosa (lower elevations), and Pinus contorta (higher elevations) are common overstory
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associates. The understory is dominated by J. communis with an average cover from 7 to 25%.

Arctostaphylos uva-ursi is an important shrub in this type. Important graminoids include Calamagrostis
purpurascens and Carex rossii.
Hess and Alexander (1986) documented the P. flexilis/C. purpurascens habitat type as a widely
distributed type on the ARNF. This type is locally abundant along the CFR on rocky ridge tops and
moderate (10 to 35%) upper slopes o f various aspects. Open P. flexilis forests with an understory o f C.

purpurascens (9 to 20% cover) typify this habitat type. Isolated P. engelmannii and P. contorta occur in
the overstory. C. rossii is another important graminoid.

Pinus contorta Series
The Pinus contorta/Juniperus communis habitat type is the driest type o f this series and is found
commonly along the CFR on gentle to moderate (10 to 45%) slopes o f various aspects. Characteristically,
this type is dominated by P. contorta with the occasional occurrence o f P. menziesii and P. engelmannii. J.

communis dominates the understory with 9 to 15% cover. Arctostaphylos uva-ursi is another important
shrub. The scarce herbaceous understory often contains Calamagrostis purpurascens and Carex rossii.
The P. contorta/Shepherdia canadensis habitat type is a major component o f the ANF. This type
occurs on gentle to moderate (10 to 40%) slopes among various aspects. No other tree species are found in
common association with P. contorta. A. uva-ursi, J. communis, and Vaccinium scoparium are all found in
association with the dominant shrub S. canadensis (31 to 47% cover). Important graminoids are Carex

geyeri and C. rossii.
Hess and Alexander ( 1986) documented the P. contorta/V. scoparium habitat type as reaching the
upper extent o f the attitudinal limits o f P. contorta series. While occurring on the ARNF, this type is more
common to the RNF and is found on moderate to steep (15 to 45%) cold, dry south-facing slopes.
Occasionally P. engelmannii and A. Iasiocarpa are found in the overstory. V. scoparium dominates the
understory with 30 to 47% cover and is associated with J. communis. C. geyeri is an important herbaceous
species in this type.
The P. contorta/C. geyeri habitat type documented by Hess and Alexander (1986) occurs at the
lower elevations with in the range o f the P. contorta series. However, this type is wetter than the P.
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contorta/J. communis type. This type is found commonly on the west side o f the Continental Divide on
level to gentle (0 to 10%) north-facing slopes. C. geyeri is the dominant understory species with 22 to 41%
cover, the shrub layer is scarce and there are no other associated trees.

Picea engelmannii Series
The Picea engelmannii/Trifolium dasyphyllum habitat type defined by Hess and Alexander ( 1986)
is not modeled in the CFR SIMPPLLE version, however, it is possible to have a P. engelmannii dominant
overstory with Calamagrostis purpurascens as the dominant understory species. This is a generalized
representation o f the Hess and Alexander (1986) habitat type. In the P. engelmannii/T dasyphyllum habitat
type A. Iasiocarpa and Pinus aristata are minor components. The shrub layer is almost nonexistent with
the forb T. dasyphyllum dominating the understory.

Abies Iasiocarpa Series
The Abies lasiocarpa/Carex geyeri habitat type is found west o f the Continental Divide on gentle
(10 to 15%) west-facing slopes at low elevations on the ANF. This type is also found at higher elevations
on gentle to moderate (10 to 30%) south-facing slopes. C. geyeri (17 to 27% cover) is the dominant
understory species. P. engelmannii is a co-climax species in this type with P. contorta and P. tremuloides
as important serai species.
Hess and Alexander (1986) documented the A. lasiocarpa/V. scoparium habitat type as a major
type occurring from level to very steep (0 to 70%) slopes and all aspects. This type is typified by the
overstory dominance o f A. lasiocarpa/P. engelmannii and an understory dominance o f V. scoparium and

Vaccinium myrtillus with over 50% cover. Calamagrostis canadensis and Carex rossii are the most
common herbaceous species found in this type.
The A. lasiocarpa/C. canadensis habitat type is the coldest and wettest environment in the series.
This minor type is found throughout the ARNF occurring in bottomlands on benches adjacent to streams (0
to 10% slopes). A. Iasiocarpa and P. engelmannii dominate the open-canopy with C. canadensis (25 to
45% cover) the dominant understory species. V. scoparium and V. myrtillus are important shrub species.
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Populus angustifolia Series
The Populus angustifolia/Salix exigua habitat type is characterized by gentle terrain, which is
subject to spring flooding. While S. exigua dominates the understory (8 to 19% cover), the SIMPPLLE
version o f the CFR uses Salix species to capture the range o f different willows in the type. Minor trees
within the type include Juniperus scopulorum, Picea pungens, Pinus ponderosa, and Populus tremuloides.
Shrubs within this type include Salix species, Alnus tenuifolia, and Betula occidentalis among others.
Major graminoid species include Calamagrostis canadensis and Carex species.

Picea pungens Series
Hess and Alexander (1986) defined the P. pungens/Arnica cordifolia habitat type (1986). Because
forbs were not included, the CFR SIMPPLLE version o f this minor habitat type, occurring on nearly level
(0 to 10% slope) benches adjacent to streams, uses a representative set o f pathways to capture this type.
Associated tree species include Abies Iasiocarpa, Pinus contorta, Populus tremuloides, and Pseudotsuga

menziesii. Shrubs are represented by sparse coverage o f Juniperus communis and the understory includes:
Calamagrostis canadensis, Carex foenea, and with moderate to high long-term grazing Poa pratensis.
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Appendix D— South habitat types.
Dom inant overstory

Abies concolor

Shrubs

Gram inoids

Vaccinium myrtillus

Carex rossii

Acer glabrum

Carex rossii, Poa fendleriana

Arctostaphylos uva-ursi

Muhlenbergia montana, Poa fendleriana

Quercus gambelii

Carex rossii, Poa fendleriana
Festuca arizonica, Danthonia parryi

Arctostaphylos uva-ursi
Quercus gambelii

Festuca arizonica, Muhlenbergia
montana
Carex geyeri, Festuca arizonica
Festuca arizonica

Pinus ponderosa

Muhlenbergia montana
Bouteloua gracilis
Achnatherum hymenoides
Poa pratensis

Pseudotsuga menziesii

Quercus gambelii

Poa fendleriana, Carex geyeri
Festuca arizonica

Populus tremuloides

Arctostaphylos uva-ursi

Carex foenea

Juniperus communis

Carex foenea, Poa pratensis

Physocarpus monogynus

Carex geyeri

Shepherdia canadensis

Carex foenea
Festuca thurberi
Poa pratensis
Carex foenea

Pinus flexilis

Arctostaphylos uva-ursi

Carex rossii

Arctostaphylos uva-ursi

Carex rossii

Juniperus communis

Carex rossii

Vaccinium myrtillus

Carex geyeri

Picea engelmannii

Vaccinium myrtillus

Carex rossii

Abies Iasiocarpa

Vaccinium myrtillus

Carex rossii

Pinus contorta

Festuca thurberi

Picea aristata

Festuca arizonica
Arctostaphylos uva-ursi

Carex rossii, Muhlenbergia montana
Carex foenea

Picea pungens

Festuca arizonica
Poa pratensis
Source; D eV elice and others 1986, Alexander 1987.
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Appendix E— Description of southern Colorado habitat types used as reference communities for
pathway construction.

Abies concolor
The Abies concolor/Vaccinium myrtillus habitat type is a minor type in this series. This type
occurs from 8,500 to 9,200 feet on steep, cold, northerly slopes below the A. lasiocarpa/P. engelmannii
series. This type is comprised o f highly mixed overstory in which any o f the several species listed above
may be present. Understory vegetation is dominated by V. myrtillus (22% mean plot cover^) with Acer

glabrum. Amelanchier alnifolia, Arctostaphylos uva-ursi, and Symphoricarpos species all found within this
type. Carex rossii is an important graminoid.
The

concolor/A. glabrum habitat type is a common type throughout the area, showing a wide

ecological range from elevations o f 8,200 to 9,850 feet across all slopes and aspects. A. concolor and P.

menziesii co-dominate these stands with locally important pockets o f P. pungens, P. flexilis, A. Iasiocarpa,
and P. engelmannii. The shrub layer is dominated by A. glabrum (14% mean plot cover) with A. glabrum,

A. alnifolia, and J. americana. C. rossii and Poa fendleriana are the most common graminoid species.
D eV elice and others (1986) describe the A. concolor/A. uva-ursi habitat type as one o f minor
importance, but with common occurrence throughout southern Colorado. The overstory is characterized by

A. concolor with both P. menziesii and P. ponderosa as major serai associates. The understory is
dominated by A. uva-ursi (24% mean plot cover) and graminoids such as Muhlenbergia montana and P.

fendleriana rarely reaching 5% canopy cover.
The A. concolor/Q. gambelii habitat type is the most widespread habitat type in the mixed conifer
series. This type occurs on all aspects from elevations o f 7,900 to 9,500 feet from gentle to steep slopes.
Overstory vegetation is dominated by A. concolor and P. menziesii. Major serai species include P. flexilis,

P. ponderosa, and P. tremuloides. Q. gambelii dominates the understory with an average o f 22% plot
cover, but at times Q. gambelii will form thickets. Associated graminoids are C. rossii and P. fendleriana.
The A. concolor/Festuca arizonica habitat is a minor type in which A. concolor and P. menziesii
co-dominate the site. It is found along moderate to steep slopes on all aspects from 8,200 feet to 10,200

^ Sampling methods followed those o f Moir and Ludwig ( 1983). Reconnaissance and analytical plots were
included in the study to check and calibrate the accuracy o f shrub and herb cover.
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feet. P. ponderosa is an important serai or minor clim ax species. Danthonia parryi, F. arizonica, and M.

montana are important understory species.

Pinus ponderosa Series
The Pinus ponderosa/Arctostaphylos uva-ursi habitat type is a minor type found along the lower
slopes and ridges at elevations o f 7,700 to 9,200 feet along all exposures and slopes. P. ponderosa
dominates the overstory with an occasional P. menziesii in the stand. The understory is dominated by

uva-ursi with cover ranging from 30 to 70%. Carex rossii, Festuca arizonica, and Muhlenbergia montana
are important understory species with low coverages.
The P. ponderosa/F. arizonica is widespread throughout the southern Rocky Mountains. This
type is found at elevations o f 7,200 to 9,500 feet on all aspects and slopes. P. menziesii is found in some
stands. The understory is dominated by graminoids with a minor shrub component. This habitat type is
separated into three phases based on the presence o f F. arizonica (13% mean plot cover), Danthonia parryi
(17% mean plot cover), and Bouteloua gracilis (less than 10% mean plot cover).
The P. ponderosa/Q. gambelii habitat type is found across considerable topographic variation at
elevations ranging from 6,550 to 9,200 feet on gentle to very steep slopes. P. edulis and J. scopulorum are
absent. Q. gambelii dominates the understory with approximately 27% mean plot cover, however, it
sometime forms dense thickets. The most common understory species are Cercocarpus montanus, B.

gracilis. C. rossii, F. arizonica, and P. fendleriana. This habitat type is also subdivided into three phasesthe F. arizonica, Q. gambelii, and P. edulis phases depending on species occurrence and regeneration.
The P. ponderosa/M. montana habitat type is found on gently sloping ridges, mesa tops, and
benches from 7,550 to 8,500 feet. P. ponderosa consistently dominates this type with occasional
occurrence o f Juniperus species and P. edulis. Q. gambelii exhibits low cover (5% o f less) with the
understory dominated by M. montana and P. fendleriana (less than 10% mean plot cover).
The P. ponderosa/B. gracilis habitat type is found on all aspects from elevations o f 6,250 to 8,550
feet on gentle to steep lower slopes. P. ponderosa and P. edulis co-dominate the overstory with J.

scopulorum and Juniperus monosperma frequently important. B. gracilis dominates the understory (less
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than 10% mean plot cover), however, M. montana and P. fendleriana are often represented. This type
commonly transitions into pinyon-juniper woodlands or sagebrush meadows.
The P. ponderosa/Achnatherum hymenoides habitat type is uncommon in southern Colorado.
This type appears on stabilized sand dunes where P, ponderosa and J. monosperma dominate the open
canopy stands, and A. hymenoides dominates the herbaceous layer.
The CFR version o f SIMPPLLE models a possible P. ponderosa/Poa pratensis community. This
community is the result o f past heavy grazing. In some cases, past disturbance in these sites may have
changed the site potential in such a way as to reduce the establishment o f native vegetation.

Pseudotsuga menziesii Series
The Pseudotsuga menziesii/Festuca arizonica habitat type is a minor type o f southern Colorado
found on steep southerly exposures from 8,850 to 9,500 feet. All coniferous species o f the mixed forests
may be present except

concolor. F. arizonica is the dominant understory species (11% mean plot

cover). Arctostaphylos uva-ursi and Muhlenbergia montana are often found in this type.
The P. menziesii/Q. gambelii habitat type documented by DeV elice and others (1986) is separated into two
phases. The first is F. arizonica (5% mean plot cover) is distinctive. A second phase is when Q. gambelii
dominates the understory with 35% mean plot cover. Poa fendleriana and Carex geyeri are occasionally
important in the Q. gambelii phase o f this type. This type is typically found on all aspects and moderate to
steep slopes from elevations o f 6,550 to 9,200 feet.

Abies Iasiocarpa Series
The Abies Iasiocarpa/Vaccinium myrtillus habitat type is one o f the most widespread habitat types
throughout the southern Rocky Mountains. P. engelmannii and A. Iasiocarpa co-dominate this type.

Pseudotsuga menziesii and P. tremuloides are the serai species in some stands, whereas Pinus contorta was
not found in any o f the sampled stands. Vaccinium species dominate the understory (50% mean plot
cover), other shrubs including Acer glabrum occur on mesic sites within the type. Elevations for this
habitat type range from 8,900 to 11,200 feet on moderate to steep slopes.
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Pinus aristata Series
The Pinus aristata/Festuca thurberi habitat type is a minor type found at elevations exceeding
10,500 feet. The overstory is co-dominated by P, aristata and Picea engelmannii. The understory is
dominated by F. thurberi (22% mean plot cover).
The P. aristata/F estuca arizonica habitat type is found primarily southern extent o f the Sangre de
Cristo Mountains at elevations ranging from 8,600 to 10,000 feet on southern to westerly slopes.

Pseudotsuga menziesii and P. aristata often co-dominate the overstory; while the understory cover is
predominately F. arizonica (14% mean plot cover).

Picea pungens Series
The Picea pungens/Arctostaphylos uva-ursi habitat type is a minor that occurs from 7,900 to 9,200
feet on steep, south-facing slopes and ridges. P. menziesii, P. ponderosa, and P. pungens may co-dominate
the overstory. A. uva-ursi is the characteristic understory species (24% mean plot cover). In addition,

Juniperus communis, Festuca arizonica. Muhlenbergia montana, and Carex rossii are important
herbaceous species.
The P. pungens/Carex foenea habitat type occurs on north-facing slope from 8,500 to 9,000 feet.
The overstory is co-dominated by P. pungens and P. menziesii with P. ponderosa as an important serai
species in some stands. The understory is dominated by C. foenea having 48% mean plot cover.
The P. pungens/F. arizonica habitat type is found on southwesterly, moderate to steep slopes at
elevations ranging from 8,200 to 9,200 feet. This habitat is also co-dominated by P. pungens, P. menziesii,
and P. ponderosa. Rich graminoid cover typifies the understory o f this type with F. arizonica (averaging
11% cover); Danthonia parryi, Muhlenbergia montana, and Poa fendleriana are all present.
Disturbance by heavy grazing and fire are common throughout this series. P. tremuloides is an
important serai species following fire. With heavy grazing conversion Poa pratensis may occur. This state
is accounted for in the CFR SIMPPLLE version.
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Appendix F— Non-forest habitat types and associations
Shrubs
Dominant overstory
Pinus edulis-Juniperus
scopulorum/monosperma Type’

Graminoids

Quercus gambelii

Carex geyeri

Cercocarpus montanus

Achnatherum hymenoides, Bouteloua
gracilis
Bouteloua gracilis
Hesperostipa comata, Bouteloua gracilis

Cercocarpus montanus Type*

Muhlenbergia montana

Quercus gambelii Type*

M esic Shrubs

Carex geyeri, Poa pratensis

Amelanchier alnifolia

Carex geyeri, Poa pratensis
Bouteloua gracilis

Juniperus scopulorumFseudoroegneria spicata

Artemisia tridentata ssp.
wyomingensis

Pseudoroegneria spicata, Achnatherum
hymenoides. Bouteloua gracilis

Artemisia tridentata ssp.
wyomingensis- Juniperus
scopulorum:

Purshia tridentata
Chrysothamnus
viscidifloriis

Pseudoroegneria spicata

Artemisia tridentata ssp.
wyomingensis- Pascopyrum
smithii
Artemisia tridentata ssp.
wyomingensisPseiidoroegneria spicata
Artemisia tridentata ssp.
wyomingensis- Hesperostipa
comata
Artemisia tridentata ssp.
vaseyana- Festuca thurberi
Artemisia tridentata ssp.
vaseyana- Festuca idahoensis
Purshia tridentata- Artemisia
tridentata ssp. vaseyana

Achnatherum hymenoides

Chrysothamnus
viscidiflorus

Pascopyrum smithii, Bouteloua gracilis

Chrysothamnus
viscidiflorus

Pseudoroegneria spicata, Poa
fendleriana

Chrysothamnus
viscidiflorus

Hesperostipa comata, Pascopyrum
smithii
Festuca thurberi, Hesperostipa comata.
upland Carex species

M esic Shrubs

Festuca idahoensis, Poa fendleriana

Amelanchier alnifolia

Festuca idahoensis, upland Carex species

Amelanchier alnifoliaPseudoroegneria spicata

Pseudoroegneria spicata, Achnatherum
hymenoides

Amelanchier alnifolia- upland
Chrysothamnus
Upland Carex species
Carex species
viscidiflorus
Ericameria parryiArtemisia tridentata
Achnatherum hymenoides
Achnatherum hymenoides
Sources: Tiedeman and others 1987, Johnston 1987.
' Shrubs are listed with common associated shrubs and graminoids not document habitat or community
types.
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Appendix G— Shrub species attributes.
Species
Shade
Resprout
W ildlife
Scientific nam e
code
tolerance
ability
browsing
ACGL
Acer glabrum
Intermediate
Yes
Yes
ALINT
Alnus incana
Intermediate
Yes
Yes
AMAL2
Amelanchier alnifolia
Intermediate
Yes
Yes
ARTR2
Artemisia tridentata
Intolerant
No
Yes
ARTRV
Artemisia tridentata ssp. vaseyana
Intolerant
No
Yes
ARTRW8
Artemisia tridentata ssp. wyomingensis
Intolerant
No
Yes
ARUV
Arctostaphylos uva-ursi
Intermediate
No
No
BEOC2
Betula occidentalis
Intermediate
Yes
Yes
CEM 02
Cercocarpus montanus
Intermediate
Yes
Yes
CHVI8
Chrysothamnus viscidiflorus
Intolerant
No
Yes
ERPA
Ericameria parryi
Yes
Yes
Intolerant
Jamesia americana
Yes
No
JAAM
Intolerant
No
JU C 06
Juniperus communis
No
Intolerant
PH M 04
Yes
Physocarpus monogynus
Intolerant
Yes
DAFL3
Dasiphora floribunda
Yes
Yes
Intermediate
Yes
PUTR2
Purshia tridentata
No
Intermediate
Yes
QUGA
Yes
Quercus gambelii
Intolerant
Yes
RIBES
Yes
Tolerant
Ribes species
Yes
Intolerant
Yes
RICE
Ribes cereum
Yes
Yes
SALG
Salix glauca
Intolerant
Yes
SALIX
Yes
Salix species
Intermediate
Yes
Yes
SHCA
Intermediate
Shepherdia canadensis
No
Yes
Tolerant
VASC
Vaccinium scoparium
Source; NRCS PLANTS Database and U SD A Forest Service Fire Effects Information web pages.
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Appendix H— Graminoid species attributes
Species
Prairie dog
Scientific nam e
Pathway group
code
invasion
Achnatherum hymenoides
ACHY
Low Cover
No
Bouteloua gracilis
BOGR2
Low Cover
Yes
BRTE
Bromus tectorum
High Cover
No
CACA4
Calamagrostis canadensis
Low Cover
No
CAGE2
Carex geyeri
Low Cover
No
CAPU
Calamagrostis purpurascens
Low Cover
No
CAROS
Carex rossii
Low Cover
No
CARU
Calamagrostis rubescens
Low Cover
No
FEAR2
Festuca arizonica
High Cover
No
FEID
Festuca idahoensis
Yes
High Cover
FETH
Festuca thurberi
No
High Cover
H EC026
Low Cover
Yes
Hesperostipa comata
LEKI2
No
Leucopoa kingii
Low Cover
JUBAL
High Cover
No
Juncus balticus
MUMO
No
Muhlenbergia montana
High Cover
Yes
PASM
Pascopyrum smithii
Low Cover
PHAL2
Alpine/Riparian
No
Phleum alpinum
No
POAL2
Alpine/Riparian
Poa alpina
No
Low
Cover
POFE
Poa fendleriana
No
POPR
High Cover
Poa pratensis
Yes
PSSP6
High Cover
Pseudoroegneria spicata
Source: NRCS PLANTS Database and U SD A Forest Service Fire Effects Information web pages.
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Appendix f— Graminoid species combinations
Latin name
Species code
ACHY

Common name

Achnatherum hymenoides

AG-FORBS

Indian rice grass
Annual grass-Forbs

BOGR2

Bouteloua gracilis

blue grama

BRTE

Bromus tectorum

cheatgrass

CACA4

Calamagrostis canadensis

blue joint

CAEL3-CARUD

Carex elynoides-Carex rupestris

C A F03

Carex foenea

blackroot sedge-Drummond's
sedge
dryspike sedge

CAGE2

Carex geyeri

Geyer's sedge

CAPU

Calamagrostis purpurascens

purple reedgrass

CAREX

Carex spp.

sedge species

CAREX-JUNCU

Carex-Juncus spp.

sedge species-rush species

CAREXU

upland Carex spp.

upland sedge species

CAREXU-CARU

upland Carex-Calamagrostis rubescens

upland sedge-pinegrass

C A R 05

Carex rossii

CARUD-FEBRC

Carex rupestris-Festuca brachyphylla

FEAR2

Festuca arizonica

Ross' sedge
Drummond's sedge-Colorado
fescue
Arizona fescue

FEAR2-BOGR2

Festuca arizonica-Bouteloua gracilis

Arizona fescue-blue grama

FEAR2-DAPA2

Arizona fescue-Parry's oatgrass
Arizona fescue-mountain muhly

FEID

Festuca arizonica-Danthonia parryi
Festuca arizo nica-Mu hien bergia
montana
Festuca idahoensis

FETH

Festuca thurberi

Thurber's fescue

H E C 026

Hesperostipa comata

needle and thread

JUBAL-CAGE

Juncus balticus-Carex geyeri

Baltic rush-Geyer's sedge

LEK12

Leucopoa kingii

spike fescue

MUMO

Muhlenbergia montana

mountain muhly

PASM

Pascopyrum smithii

western wheatgrass

FEAR2-MUMO

PG-FORBS

Idaho fescue

Perennial grass-Forbs

P H C 09-P 0A L 2

Phleum alpinum-Poa alpina

alpine timothy-alpine bluegrass

POAL2-CAEL3

Poa alpina-Carex elynoides

POAL2-KOM Y

Poa alpina-Kobresia myosuroides

POFE

Poa fendleriana

alpine bluegrass-blackroot sedge
alpine bluegrass-Bellardi bog
sedge
mutton grass

POPR

Poa pratensis

Kentucky bluegrass

PSSP6

Pseudoroegneria spicata

bluebunch wheatgrass
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Appendix J— Shrub species combinations.
Species code

Latin name

Common name

ACGL

Acer glabrum

Rocky Mountain maple

ALINT

Alnus incana spp. tenuifolia
Alnus incana spp. tenuifolia-Betula
occidentalis
Amelanchier alnifolia

thinleaf alder

ALINT-BEOC2
AMAL2
ARTR2
ARTR2-CEM 02
ARTR2-JUC06
ARTRV
ARTRV-PUTR
ARTRW8
ARTRW8-CHVI8
ARTRW8-PUTR
ARUV
C EM 02

Artemisia tridentata
Artemisia tridentata-Cercocarpus
montanus
A rtem isia tridentata-Jun iperus
communis
Artemisia tridentata ssp. vaseyana
Artemisia tridentata ssp. vaseyanaPurshia tridentata
Artemisia tridentata ssp. wyomingensis
Artemisia tridentata ssp.
wyomingensis-Chrysothamnus
viscidiflorus
Artemisia tridentata ssp.
wyomingensis-Piirshia tridentata
Arctostaphylos uva-ursi
Cercocarpus montanus
Cercocarp us montanus-A rtem is ia
tridentata
Cercocarpus montanus-Arctostaphylos
uva-ursi
Cercocarpus montanus-Dasiphora
floribunda
Cercocarpus montanus-Juniperus
communis
Cercocarpus montanus-Physocarpus
monogynus
Cercocarpus montanus-Purshia
tridentata
Cercocarpus montanus-Quercus
gambelii

thinleaf alder-water birch
Saskatoon serviceberry
big sagebrush
big sagebrush-alderleaf
mountain mahogany
big sagebrush-common juniper
mountain big sage
mountain big sage-antelope
bitterbrush
Wyoming big sage
Wyoming big sage-yellow
rabbitbrush
Wyoming big sage-antelope
bitterbrush
kinnikinnick

CHIV

Cercocarpus montanus-wpXîmd Salix
spp.
Cercocarpus montanusSymphoricarpos oreophilus
Chrysothamnus viscidiflorus

alderleaf mountain mahogany
alderleaf mountain mahoganybig sagebrush
alderleaf mountain mahoganykinnikinnick
alderleaf mountain mahoganyshrubby cinquefoil
alderleaf mountain mahoganycommon juniper
alderleaf mountain mahoganymountain ninebark
alderleaf mountain mahoganyantelope bitterbrush
alderleaf mountain mahoganyGambel oak
alderleaf mountain mahoganycurrent species
alderleaf mountain mahoganywax currant
alderleaf mountain mahoganyupland willow
alderleaf mountain mahoganymountain snowberry
yellow rabbitbrush

DAFL3

Dasiphora floribunda

shrubby cinquefoil

ERPA

Ericameria parryi

Parry's rabbitbrush

JAAM

Jamesia americana

fivepetal cliffbrush

JU C 06

Juniperus communis

common juniper

CEM 02-ARTR2
C EM 02-A RU V
CEM 02-DAFL3
C E M 02-JU C 06
C E M 02-PH M 04
CEM 02-PUTR2
C EM 02-Q U G A
CEM 02-RIBES

Cercocarpus montanus-Ribes spp.

CEM02-R1CE

Cercocarpus montanus-Ribes cereum

CEM 02-SA LIX U
C E M 02-S Y 0R 2
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Species code

Latin nam e

Common name

JU C 06-A RU V

Juniperus communis-Arctostaphylos
uva-ursi

common juniper-kinnikinnick

JUC 06-SALIX U

Juniperus communis-up\and Salix spp.

MESIC-SHRUB
PUTR

Purshia tridentata

PUTR-ARTR

Purshia tridentata-Artemisia tridentata

PUTR-CEM 02

Purshia tridentata-Cercocarpus
montanus

PUTR-RIBES

Purshia tridentata-Ribes spp.

QUGA

QUG A-JUC06

Quercus gambelii
Quercus gambelii-Amelanchier
alnifolia
Quercus gambelii-Arctostaphylos uvaursi
Quercus gambelii-Cercocarpus
montanus
Quercus gambelii-Junipenis communis

QUGA-SALIXU

Quercus gambelii-xxpVdnd Salix spp.

QUGA-AMAL2
QUGA-ARUV
Q UG A-CEM 02

common juniper-upland willow
species
Mesic Shrubs
antelope bitterbrush
antelope bitterbrush-big
sagebrush
antelope bitterbrush-alderleaf
mountain mahogany
antelope bitterbrush-currant
species
Gambel oak
Gambel oak-Saskatoon
serviceberry
Gambel oak-kinnikinnick
Gambel oak-alderleaf mountain
mahogany
Gambel oak-common juniper
Gambel oak-upland willow
species

RIBES

Quercus gambelii- Vaccinium
scoparium
Ribes spp.

RIBES-PUTR

Ribes spp,-Purshia tridentata

RICE

Ribes cereum

currant species
currant species- antelope
bitterbrush
wax currant

SAGL

Salix glauca

grayleaf willow

SALIX

Salix spp.

SALIX-ALINT

Salix spp,-Alnus incana spp. tenuifolia

SALIX-BEOC2

Salix spp.-Betula occidentalis

riparian willow species
riparian willow spp.-thinleaf
alder
riparian willow spp.-water birch

SALIXU

upland Salix spp.

upland willow species

SALIXU-RIBES

upland Salix spp.-Ribes spp.

upland willow spp.-currant spp.

SHCA

Shepherdia canadensis

russet buffaloberry

VAM Y2

Vaccinium myrtillus

whortleberry

VASC

Vaccinium scoparium

grouse whortleberry

QUGA-VASC

Gambel oak-grouse whortleberry

Xeric Shrubs

XERIC-SHRUB
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Appendix K— Woodland species combinations.
Latin name
Species code

Common name

JUMO

Juniperus monosperma

JUMO-PIED

Juniperus monosperma-Pinus edulis

JUSC2

Juniperus scopulorum

JUSC2-PIED

Juniperus scopulorum-Pinus edulis

PIED

Pinus edulis

PIED-JUMO

Pinus edulis-Juniperus monosperma

PIED-JUSC2

Pinus edulis-Juniperus scopulorum
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oneseed juniper
oneseed j uniper-two-needle
pinyon
Rocky Mountain juniper
Rocky Mountain j uniper-twoneedle pinyon
two-needle pinyon
two-needle pinyon-oneseed
juniper
two-needle pinyon-Rocky
Mountain juniper_____

Appendix L— Forest species combinations.
Latin name
Species code

Common name

ABCO

Abies concolor

white fir

ABCO-PIEN

Abies concolor-Picea engelmannii

white fir-Engelmann spruce

ABCO-PIFL2

Abies concolor-Pinus flexilis

white fir-limber pine

ABCO-PIPO

Abies concolor-Pinus ponderosa

white fir-ponderosa pine

ABCO-POTR5

Abies concolor-Populus tremuloides

white fir-quaking aspen

ABCO-PSME

Abies concolor-Pseudotsuga menziesii

white fir-Douglas-fir

ABLA

Abies Iasiocarpa

subalpine fir

ABLA-PIAR

Abies Iasiocarpa-Pinus aristata

subalpine fir-bristlecone pine

ABLA-PICO

Abies lasiocarpa-Pinus contorta

subalpine fir-lodgepole pine

ABLA-PIEN

Abies lasiocarpa-Picea engelmannii

subalpine fir-Engelmann spruce

ABLA-PIFL2

Abies lasiocarpa-Pinus flexilis

subalpine fir-limber pine

ACNE2

Acer negundo

boxelder

ACNE2-PSME

Acer negundo-Pseudotsuga menziesii

JUSC2-PIPO

Juniperus scopulorum-Pinus ponderosa

boxelder-Douglas-fir
Rocky Mountain juniperponderosa pine
Rocky Mountain juniperquaking aspen
Rocky Mountain juniperDouglas-fir
bristlecone pine

PIAR

Juniperus scopulorum-Populus
tremuloides
Juniperus scopulorum-Pseudotsuga
menziesii
Pinus aristata

PIAR-PICO

Pinus aristata-Pinus contorta

PIAR-PIEN

Pinus aristata-Picea engelmannii

PIAR-PIFL2

Pinus aristata-Pinus flexilis

bristlecone pine-lodgepole pine
bristlecone pine-Engelmann
spruce
bristlecone pine-limber pine

PlAR-PlPO

Pinus aristata-Pinus ponderosa

bristlecone pine-ponderosa pine

PIAR-POTR5

Pinus aristata-Populus tremuloides

bristlecone pine-quaking aspen

PIAR-PSME

Pinus aristata-Pseudotsuga menziesii

bristlecone pine-Douglas-fir

PICO

Pinus contorta

lodgepole pine

PICO-ABLA

Pinus contorta-Abies Iasiocarpa

PICO-PIEN

Pinus contorta-Picea engelmannii

PICO-PIFL2

Pinus contorta-Pinus flexilis

lodgepole pine-subalpine fir
lodgepole pine-Engelmann
spruce
lodgepole pine-limber pine

PICO-PIPO

Pinus contorta-Pinus ponderosa

lodgepole pine-ponderosa pine

PICO-POTR5

Pinus contorta-Populus tremuloides

lodgepole pine-quaking aspen

PICO-PSME

Pinus contorta-Pseudotsuga menziesii

lodgepole pine-Douglas-fir

PIED-ABCO

Pinus edulis-Abies concolor

PIED-PIAR

Pinus edulis-Pinus aristata

PIED-PIPO

Pinus edulis-Pinus ponderosa

PIED-POTR5

Pinus edulis-Populus tremuloides

PIED-PSME

Pinus edulis-Pseudotsuga menziesii

two-needle pinyon-white fir
two-needle pinyon-bristlecone
pine
two-needle pinyon-ponderosa
pine
two-needle pinyon-quaking
aspen
two-needle pinyon-Douglas-fir

JUSC2-POTR5
JUSC2-PSME
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Species code

Latin name

Common name

PIEN

Picea engelmannii

Engelmann spruce

PIEN-ABCO

Picea engeimannii-Abies concolor

Engelmann spruce-white fir

PIEN-ABLA

Picea engelmannii-Abies Iasiocarpa

PIEN-PIAR

Picea engelmannii-Pinus aristata

PIEN-PICO

Picea engelmannii-Pinus contorta

PIEN-PIFL2

Picea engelmannii-Pinus flexilis

Engelmann spruce-subalpine fir
Engelmann spruce-bristlecone
pine
Engelmann spruce-lodgepole
pine
Engelmann spruce-limber pine

PIEN-PIPU

Engelmann spruce-blue spruce
Engelmann spruce-quaking
aspen

PIFL2

Picea engelmannii-Picea pungens
Picea engelmannii-Populus
tremuloides
Picea engelmannii-Pseudotsuga
menziesii
Pinus flexilis

PIFL2-ABCO

Pinusflexilis-Abies concolor

limber pine-white fir

PIFL2-PIAR

Pinus flexilis-Pinus aristata

limber pine-bristlecone pine

PIFL2-PICO

Pinus flexilis-Pimts contorta

limber pine-lodgepole pine

PIFL2-PIEN

Pinus flexilis-Picea engelmannii

limber pine-Engelmann spruce

PIFL2-PIPO

Pinus flexilis-Pinus ponderosa

limber pine-ponderosa pine

PIFL2-POTR5

Pinus flexilis-Populus tremuloides

limber pine-quaking aspen

PIFL2-PSME

Pinus flexilis-Pseudotsuga menziesii

limber pine-Douglas-fir

PIPO

Pinus ponderosa

ponderosa pine

PIPO-ABCO

Pinus ponderosa-Abies concolor

PIPO-JUSC2

Pinus ponderosa-Junipenis scopulorum

PIPO-PIAR

Pinus ponderosa-Pinus aristata

ponderosa pine-white fir
ponderosa pine-Rocky Mountain
juniper
ponderosa pine-bristlecone pine

PIPO-PICO

Pinus ponderosa-Pinus contorta

PIPO-PIED

Pinus ponderosa-Pinus edulis

PIPO-PIFL2

Pinus ponderosa-Pinus flexilis

PIPO-PIPU

Pinus ponderosa-Picea pungens

PIPO-POAN3

Pinus ponderosa-Populus angustifolia

PIPO-POTR5

PIPU

Pinus ponderosa-Populus tremuloides
Pinus ponderosa-Pseudotsuga
menziesii
Picea pungens

PIPU-PIPO

Picea pungens-Pinus ponderosa

PIPU-POAN3

Picea pungens-Populus angustifolia

PIPU-POTR5

Picea pungens-Popuhis tremuloides

blue spruce-ponderosa pine
blue spruce-narrowleaf
cottonwood
blue spruce-quaking aspen

PIPU-PSME

Picea pungens-Pseudotsuga menziesii

blue spruce-Douglas-fir

POAN3

Populus angustifolia

POAN3-PIPO

Populus angustifolia-Pinus ponderosa

narrowleaf cottonwood
narrowleaf cottonwoodponderosa pine

PIEN-POTR5
PIEN-PSME

PIPO-PSME
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Engelmann spruce-Douglas-fir
limber pine

ponderosa pine-lodgepole pine
ponderosa pine-two-needle
pinyon
ponderosa pine-limber pine
ponderosa pine-blue spruce
ponderosa pine-narrowleaf
cottonwood
ponderosa pine-quaking aspen
ponderosa pine-Douglas-fir
blue spruce

Species code

Latin name

POAN3-PIPU

Populus angustifolia-Picea pungens

POTR5

Populus angustifolia-Populus
tremuloides
Populus angustifolia-Pseiidotsuga
menziesii
Populus tremuloides

Common name
narrowleaf cottonwood-blue
spruce
narrowleaf cottonwood-quaking
aspen
narrowleaf cottonwood-Douglasfir
quaking aspen

POTR5-ABCO

Populus tremuloides-Abies concolor

quaking aspen-white fir

POTR5-ABLA

Populus tremuloides-Abies Iasiocarpa

quaking aspen-subalpine fir

POTR5-PIAR

Populus tremuloides-Pinus aristata

quaking aspen-bristlecone pine

POTR5-PICO

POTR5-PIFL2

Populus tremuloides-Pinus contorta
Populus tremuloides-Picea
engelmannii
Populus tremuloides-Pinus flexilis

quaking aspen-lodgepole pine
quaking aspen-Engelmann
spruce
quaking aspen-limber pine

POTR5-PIPO

Populus tremuloides-Pinus ponderosa

quaking aspen-ponderosa pine

POTR5-PIPU

Populus tremuloides-Picea pungens
Populus tremuloides-Populiis
angustifolia
Populus tremuloides-Pseudotsuga
menziesii
Pseudotsuga menziesii

quaking aspen-blue spruce
quaking aspen-narrowleaf
cottonwood

POAN3-POTR5
POAN3-PSME

POTR5-PIEN

POTR5-POAN3
POTR5-PSME
PSME

quaking aspen-Douglas-fir
Douglas-fir

PSME-PIAR

Pseudotsuga menziesii-Abies concolor
Pseudotsuga menziesii-Juniperus
scopulorum
Pseudotsuga menziesii-Pinus aristata

Douglas-fir-white fir
Douglas-fir-Rocky Mountain
juniper
Douglas-fir-bristlecone pine

PSME-PICO

Pseudotsuga menziesii-Pinus contorta

Douglas-fir-lodgepole pine

PSME-PIED

Pseudotsuga menziesii-Pinus edulis
Pseudotsuga menziesii-Picea
engelmannii
Pseudotsuga menziesii-Pinus flexilis
Pseudotsuga menziesii-Pinus
ponderosa
Pseudotsuga menziesii-Picea pungens
Pseudotsuga menziesii-Populus
tremuloides

Douglas-fir-two-needle pinyon

PSME-ABCO
PSME-JUSC2

PSME-PIEN
PSME-PIFL2
PSME-PIPO
PSME-PIPU
PSME-POTR5
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Douglas-fir-Engelmann spruce
Douglas-fir-limber pine
Douglas-fir-ponderosa pine
Douglas-fir-blue spruce
Douglas-fir-quaking aspen

Appendix M— Graminoid species combinations based on literature review.
Scientific name
SIM PPLLE code
ACHY
Achnatherum hymenoides
AG-FORBS
Annual grass-Forbs
BOGR2
Bouteloua gracilis
BRTE
Bromus tectorum
CACA4
Calamagrostis canadensis
C A F03
Carex foenea
CAPU
Calamagrostis purpurascens
CAREXU
upland Carex species
CAREXU-CARU
upland Carex speci^s-Calamagrostis rubescens
FEAR2
Festuca arizonica
FEAR2-BOGR2
Festuca arizonica-Bouteloua gracilis
FEAR2-DAPA2
Festuca arizonica-Danthonia parryi
FEAR2-MUMO
Festuca arizonica-Muhlenbergia montana
FEID
Festuca idahoensis
FETH
Festuca thurberi
PASM
Pascopyrum smithii
PG-FORBS
Perennial grass-Forbs
POFE
Poa fendleriana
POPR
Poa pratensis
PSSP6
Pseudoroegneria spicata

Appendix N — Shrub species com binations based on literature review.
SIM PPL LE code

Scientific name

ALINT-BEOC2
AMAL2
ARTRV
ARTRV-PUTR
ARTRW8

Alnus incana spp. tenuifolia-Betula occidentalis
Amelanchier alnifolia
Artemisia tridentata ssp. vaseyana
Artemisia tridentata ssp. vaseyana-Piirshia tridentata
Artemisia tridentata ssp. wyomingensis
Artemisia tridentata ssp. wyomingensis-Chrysothamnus
viscidiflorus
Chrysothamnus viscidiflorus
Ericameria parryi
Physocarpus monogynus
Quercus gambelii-Amelanchier alnifolia
Ribes spp.-Purshia tridentata
upland Salix spp.

ARTRW8-CHVI8
CHVI8
ERPAA4
PHMO
QUGA-AM AL2
RIBES-PUTR2
SALIXU
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Appendix O: Unique shrub and woodland pathways for the Colorado Front Range version of
SIMPPLLE.

Acer giabrum based pathway.
i^ V e g e ta tiv e P a th w a y s

File

Pathways

Current Zone

Knowledge Source
Colorado Front Ranqe

Habitat Type Groiq^- j-Species----- -|
jpLAINS j J

| a cg l

-Process--------------

d

GL/LARGE-SH/1
Ap'3L/SMALLSH/1

^G L/M E D lU M -SH /1

Ap'3t/LARGE-SH/2
GL/SMALL-SW2

GL/MEDIUM-SH/2

ApGL/SMALL-SH>3
GL/LARGE-SH/3
AP'3L/SMALL-SH/4
ACGL/MEDIUM-SHM
ApGL/LARGE-SH/4
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Amelanchier alnifolia based pathway
|Fite

Pathways

Current Zone

1

Knowledge Source
Colorado Front Range

-Habitat Type Groi^—

|-Species-------- j Process

[plains

M zl

[su c c e ssio n

MAL2/SMALL-SH/1
J^AL2/MEDIUM-SH/1

iMAL2/MEDIU

lMAL2/SMALL-SH/3

JVlAL2/LAR-3E-SHyi

MAL2/LARGE-SH/2

MAL2/MEDIUM-SH/3
MAL2/LARGE-SH/3
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Artemisia tridentata based pathway.
ï^ V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

f-Haibltat Type Croi^— | Species|PLAINS ^ 1

ARTR2

rProcess-

El

(s u c c e s s io n

LRTR2/SMALL-SH/1
J?TR2/SM ALL-SH2/1

ÏTR 2/SM A LL-SH /2
RTR2/SM ALL-SH2/2

RTR2/MEDIUM-SH/1

RTR2/M EDIUM -SH/2

RTR2/MEDIUM-SH2/2
_ ^ A ÎT R 2/S MAL L-S H/3
ÏÏTR2/SM A LL-SH 2/3

^TR2/SM A LL-SH/4

RTR2/MEDIUM-SH3/2

RTR2/MEDIUM-SH/3

ÏTR 2/SM A LL -SH 2/4
RTR2/MEDIUM-SH/4
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Artemisia tridentata ssp. vaseyana based pathway.
V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

-Habitat Type Groii^-] [-Species[ p l a in s

A R T R\

m l

Process

B

SUCCESSION

z]

RTRV/SMALL-SH/1

RTRV/SMALL-SH/2

RTRV/MEDIUM-SH/2

RTRV/M E DIU M-S H2/2

RTRV/SMALL-SH/3

RTRV/MEDIUM-SH/3

^ ARTR V/SM AL L- S H/d
RTRV/SMALL-SH2/4
RTRV/MEDIUM-SH/4
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Arctostaphyios uva-ursi based pathway.
V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

-m m m m rn .

Knowledge Source
Colorado Front Range

-Habitat T%pe Groi^—

-Process

Species

jpLAINS ^ 1

[s u c c e s s io n

RUV/SMALL-SH/1

RUV/SMALL-SH/2

RUV/SMALL-SH/3

RUV/SMALL-SH/4
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j

J

Cercocarpus montanus based pathway.
iFite

Pathways

Current Zone

Knowledge Source

____________

Colorado Front Range

-Habitat Type
[pl a in s ^ 1

rProcess-

rSpecles-

E3

CEM 02

£ M 0 2 /S M A L L -S H /1

|sUCCESSION

M 02/M EDIUM -SH/1

-SH>2
EM 02/M ED IU M -SH /2

E M 02/S M A L L -S H /3
EM 02/M ED IU M -SH /3
EM 02/LAR'3E-SHA3

E M 02/S M A L L -S H /4

UM-SH/4
£ M 0 2 /L A R '3 E -S H /4
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Chrysothamnus viscidiflorus based pathway.
[pile

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Habitat Type Croi®—

Species

-Process

jpLAINS

jsUCCESSION

HVI8/SM ALL-SH/1
H V f8/M EDlüM -SH/1

HVI8/MEDIUM SH/2
HV18/SMALL-SH/2

H V I8/SM ALL-SH/3

H VI8/SM ALL-SH/4

H VIS/M EDIUM -SH^

HV 18/M E Dl UM-S H/4
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Dasiphora floribunda based pathway.
.«V egetativ e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

-Habitat Type Groi^—

-Species

Process

W SBBÊÊÊÊM -l

jpLAINS

{SUCCESSION

j J

AFL3/SM AUL-SH/1

FL3/SMALLSH2/1

.FL3/MÈDIUM-SH/1

,FL3/SM ALL-SH/2
iF L 3/3M A L t-S H 2/2

A FL 3/M E 0IU M SH /2

FL3/SM A LL-SH /3

iV f'

VI

iFL3/SM ALL-SH2/3
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FL3yMÉDrUM-SH/3

Jamesia americana based pathway.
V e g e ta tiv e P a th w a y s

I

File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Habitat Type Groi^—
jpLAINS ^ 1

-Species

-Process

WBBÊÊÊÊÊÊÊÊ^l

|sUCCESSION

^ iA AM
l /SM A LL-SH/1
M /SM ALL-SH2/1

M/MEDIUM-SH/1

iM/SMALL-SH>2
.M/SMALL-S
lM/MEDIUM-SH/2

iM/SMALL-SH/3
.M /SM ALL-SH2/3
iM/MEDtUiVt-SH/3
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Juniperus communis based pathway.
V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

rProcess

[-Habitat Type Groi^—y rSpecies[p l a in s ^ I

JIJC 06

El

[s u c c e s s io n

C 06/M ED IU M -SH /1

C 06/SM A L L -S H /1
C 06/SM A L L *SH 2/1

CO 6/M E0IU M -SH 2/1
C 06/S M A L L -S H /2
C 06/S M A L L -S
CÛ6/MED1UM-SH/2

C 06/S M A L L -S H /3
C 06/S M A L L -S H 2 /3
C 06/M ED IU M -SH /3
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Mesic Shrub based pathway.
ÿj::; V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

pHaibltat Type Grou^— { Species
[p l a in s

rProcess

MESIC-SHRUB

S U CCESSIO N

B

.ESIC-SHRUB/SM ALL-SH/1
ESIC-SHRUB/M EDIUM -SH/1

ESIC^SHRUB/LAR'3E-SH/1
ESIC -SR R U B /SM A LL-S
ES1C-SHRÜ6/M EDI1JM -SH/2
E SIC* S HRU B /t AR G E -SH /2

ESIC-SH R U B /SM A LL-SH /3
ESIC-SHRUB/M EDIUM -SH/3
ESIC-SHRUB/LARGE-SH/3
E SlC-SH RU B/SM A LL-SH /4
EStC-SHRUB/M EDI JM -SH/4
ESIC-SHRUB/LARGE-SH/4
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Physocarpus m ono^nus based pathway.
V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Habitat Type Groi^— |
[p l a in s ^ I

r ^ e c ie s PHM 04

rProcess-

E3

H M 04/SM A LL -SH /1
H M 04/M ED IUM -SH/1

;HM 04/SM >^LL-SH/2
H M 04/M ED IU M -SH /2

;H M 04/S M /.L L -S H /3
•1M04/MEDIUM-SH/3

H M 04/SM A LL -SH /4
H M 04/M ED IU M -SH /4
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( s u c c e s s io n

"3

Purshia tridentata based pathway.
V e g e ta tiv e P a th w a y s
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Habitat Type Groi^— |
jpLAINS ^ I

r ^ e c le s -

rProcessjsUCCESSiON

PUTR2

ITR2/SMALL-SH/1
ITR2/MEDIUM-SH/1

ITR2/SM ALL-SH/2
UTR2/MEDIUM-SH/2

ITR2/MED1UM-SH2/2

ITR2/SMALL-SH/3
yTR2/M EDIUM -SH/3

ITR2/SMALL-SH/4
ITR2/MEDIUM-SH/4
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~E1

Quercus gambelii based pathway.
i^V egetative Pathways
File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Habitat T%pc Groiqp—|

S ecies

-Process-

jPLAINS ^1

|SUCCESSI0N

ilU<3A/SMALL-SH/1

JIU >3A/M E DIUM-S H/1

3

U>3A/LAR'3E-SH/1

UGA/SMALL-SHÆ
UGA/MEDIUM-SH/2
G UGA/M E DIUM-S H2/2

J1Ü-3A/LARGE-SH/2

UGA/SMALL-SH/3

OUGA/MEDIUMSH/3

OU GA/LAR G E- S H2/2

O UGA/M E DIUM-S H2/3
UGA/SMALLSH/4
ilUGA/M E OIUM-SHM

GAÆARGE SW/3

UGA/ME0tUM-SH2/4

OUGA/LAR3E-9H/4
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Ribes species based pathway.
V e g e ta tiv e P a th w a y s

File

Pathways

Knowledge Source

Current Zone Colorado Front Range
-Habitat Type Croiq?— | pSpecles
|PLAINS

RISE:

rProcess
SUCCESSION

BES/SMALL-SH/1
BES/MED1UM-SH/1

BES/SM ALL-SH/2

BES/MEDIUM'SH/2

BES/SMALL-SH/3

BES/MEDIUM-SH/3
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Salix glauca based pathway.
|Fiie

Pathways

Knowledge Source

Current Zone Colorado Front Range
Habitat Type

rS^ecies-

rProcess-

Iplains ^ I

SUCCESSION

.GL/SMALL-SH/1

.«3L/MEDIUM-SH/1

iGL/SMALL-SH/2
iGUMEDIUM-SH/2

AGL/SMALL-SH/3
GL/MEDIUM-SH/3

197

Riparian Salix species based pathway.
M Vegetative Pathways
=ile

Pathways

MÉÉÉ

Knowledge Source

Current Zone Colorado Front Range

[Habitat Type Group-] rS^eciesjpLAINS

rFrocess-

2Ï

SUCCESSION

S A L IX /S M A L L - S H /1

■ar

3

S flllX /M P D IU M .S H /1

SALIX/LARGE-SH/1

\
V
^ L IX /S M A L L S H > ^ ^

SfrLIX/M ËDIUM -SHÆ

X.

\
^LIX/SMALL-SHy3

^

S A L (X /tA R '3 E S H /2

SALIX/LARQE-SH/3
SALIX/MEDIUM-SHA3

X.

X

X
S A L IX /S M A L L -S H M X .

SALtX/M ED IU M -SK /4
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miXAARGE-SH/4

Upland Salix species based pathway.
V eg etativ e P ath w ay s
File

Pathways

Knowledge Source

Current Zone Colorado Front Range

fH aibitat T]gpe Groi%—; -Species[p l a in s

SALIXU

Process
SUCCESSION

□

lLIXU/SMALL-SH/1

^LiXU/LARQE-SH/1
LIXU/MEDIÜM-SH/1

ALIXU/SMALLSH/2
IXU/M E DlUM-

^LIXU/LARGE-SH/2

t/SMALL-SH/S^-.
^LIXU/MEDlUM-34!^
^LIXU/LARQESH/3
lLIXU/SMALL-SH/4

ALIXU/MEDI UM-SH/4
.S ^ IX U/LAR 5E-SH/4
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Vaccinium myrtillus based pathway.
1 File

Pathways

Current Zone

Knowledge Source
Colorado Front Range

Hahitat Type Groiip—

jpLAINS

-Species ----------

n a H H F i

-Process

(su c c e ssio n

M Y 2/SW A L L -SH /1

M Y 2/SM A L L -SH /2

M Y 2/S M A L L -SH 2/2

M Y 2/SM A LL -SH /3
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Pinus edulis-Juniperus based pathway.
Fte

PattwMys Knowledge Source

Current Zone Colorado Froit Range

^ ta b ita t Type Group-

-Spmdes'

|low er -montane ^

E0-JUM0/SSA1
PJED-JUMO/SSa/l
P |E 0.JU M 0;S S 3/1

ED-JUMOtâS/2
ED-JUM 0/SS2Æ

E(W0M15«S»2

FrocessSUCCESStON

JUMO/MEOIUM/1
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Appendix P— Species combinations simulated for the Wet Mountain model trials.
Latin nam e
Species code
Common name
C A F03
CAREX
CAREXU
C A R 05
FEAR2

Carex foenea
Carex spp.
upland Carex spp.
Carex rossii
Festuca arizonica

SALIX

Festuca thurberi
Artemisia tridentata ssp. vaseyana
Artemisia tridentata ssp. wyomingensis
Cercocarpus montanus-Quercus
gambelii
Dasiphora floribunda
Quercus gambelii
Quercus gambelii-Arctostaphyios uvaursi
Quercus gambelii-Cercocarpus
montanus
Salix spp.

SALIX-ALINT

Salix s,pp.-Alnus incana spp. tenuifolia

JUSC2

Juniperus scopulorum

JUSC2-PIED

Juniperus scopulorum-Pinus edulis

JUSC2-PIPO

Juniperus scopulorum-Pinus ponderosa

FETH
ARTRV
ARTRW8
C EM 02-Q U G A
DAFL3
QUGA
QUGA-ARUV
Q UG A-CEM 02

PIED

Juniperus scopulorum-Pseudotsuga
menziesii
Pinus edulis

PIED-JUMO

Pinus edulis-Juniperus monosperma

PIED-JUSC2

Pinus edulis-Juniperus scopulorum

PIED-PIPO

Pinus edulis- Pinus ponderosa

PIED-POTR5

Pinus edulis-Populus tremuloides

PIED-PSME

PIAR

Pinus edulis- Pseudotsuga menziesii
Abies concolor
Abies concolor-Picea engelmannii
Abies concolor-Pinus flexilis
Abies concolor-Pinus ponderosa
Abies concolor-Populus tremuloides
Abies concolor-Pseudotsuga menziesii
Abies lasiocarpa-Picea engelmannii
Pinus aristata

PIAR-PIEN

Pinus aristata-Picea engelmannii

PIAR-P1FL2

Pinus oristata-Pinus flexilis
Pinus aristata-Pinus ponderosa

JUSC2-PSME

ABCO
ABCO-PIEN
ABCO-PIFL2
ABCO-PIPO
ABCO-POTR5
ABCO-PSME
ABLA-PIEN

PIAR-PIPO
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dryspike sedge
sedge species
upland sedge species
Ross' sedge
Arizona fescue
Thurber's fescue
mountain big sage
Wyoming big sage
alderleaf mountain mahoganyGambel oak
shrubby cinquefoil
Gambel oak
Gambel oak-kinnikinnick
Gambel oak-alderleaf mountain
mahogany
riparian willow species
riparian willow spp.-thinleaf
alder
Rocky Mountain juniper
Rocky Mountain juniper-twoneedle pinyon
Rocky Mountain juniperponderosa pine
Rocky Mountain juniper-Douglas
fir
two-needle pinyon
two-needle pinyon-oneseed
juniper
two-needle pinyon-Rocky
Mountain juniper
two-needle pinyon-ponderosa
pine
two-needle pinyon-quaking
aspen
two-needle pinyon-Douglas fir
white fir
white fir-Engelmann spruce
white fir-limber pine
white flr-ponderosa pine
white fir-quaking aspen
white fir-Douglas-fir
subalpine fir-Engelmann spruce
bristlecone pine
bristlecone pine-Engelmann
spruce
bristlecone pine-limber pine
bristlecone pine-ponderosa pine

PICO

Pinus aristata-Populus tremuloides
Pinus aristata-Pseudotsuga menziesii
Pinus contorta

PICO-PIEN

Pinus contorta-Picea engelmannii

PICO-POTR5

PIEN-ABLA

Pinus contorta-Populus tremuloides
Pinus contorta-Pseudotsuga menziesii
Picea engelmannii
Picea engelmannii-Abies concolor
Picea engelmannii-Abies lasiocarpa

PIEN-PIAR

Picea engelmannii-Pimis aristata

PIEN-PIFL2

PIPO-ABCO

Picea engelmannii-Pinus flexilis
Picea engelmannii-Populus
tremuloides
Picea engelmannii-Pseudotsuga
menziesii
Pinus flexilis
Pinus flexilis-Abies concolor
Pinus flexilis-Pinus aristata
Pinus flexilis-Picea engelmannii
Pinus flexilis-Pinus ponderosa
Pinus flexilis-Populus tremuloides
Pinus flex ilis-Pseudotsuga menziesii
Pinus ponderosa
Pinusponderosa-Abies concolor

PIPO-JUSC2

Pinus ponderosa-Juniperus scopulorum

PIPO-PIAR

Pinus ponderosa-Pinus aristata

PIPO-PIED

Pinus ponderosa-Pinus edulis

PIPO-PIFL2

Pinus ponderosa-Pinus flexilis

PIPO-POAN3

Pinus ponderosa-Populus angustifolia

P1PO-POTR5

POAN3

Pinus ponderosa-Populus tremuloides
Pinus ponderosa-Pseudotsuga
menziesii
Picea pungens-Populus tremuloides
Populus angustifolia

POAN3-PIPO

Populus angustifolia-Pinus ponderosa

PIAR-POTR5
PIAR-PSME

PICO-PSME
PIEN
PIEN-ABCO

PIEN-POTR5
PIEN-PSME
PIFL2
PIFL2-ABCO
PIFL2-PIAR
PIFL2-P1EN
PIFL2-PIPO
P1FL2-POTR5
PIFL2-PSME
PIPO

PIPO-PSME
PIPU-POTR5

POAN3-POTR5
POAN3-PSME
POTR5
POTR5-ABCO
POTR5-PIAR
POTR5-PIEN

Populus angustifolia-Populus
tremuloides
Populus angustifolia-Pseudotsuga
menziesii
Populus tremuloides
Populus tremuloides-Abies concolor
Populus tremuloides-Pinus aristata
Populus tremuloides-Picea
engelmannii

203

bristlecone pine-quaking aspen
bristlecone pine-Douglas-fir
lodgepole pine
lodgepole pine-Engelmann
spruce
lodgepole pine-quaking aspen
lodgepole pine-Douglas-fir
Engelmann spruce
Engelmann spruce-white fir
Engelmann spruce-subalpine fir
Engelmann spruce-bristlecone
pine
Engelmann spruce-limber pine
Engelmann spruce-quaking
aspen
Engelmann spruce-Douglas-fir
limber pine
limber pine-white fir
limber pine-bristlecone pine
limber pine-Engelmann spruce
limber pine-ponderosa pine
limber pine-quaking aspen
limber pine-Douglas-fir
ponderosa pine
ponderosa pine-white fir
ponderosa pine-Rocky Mountain
juniper
ponderosa pine-bristlecone pine
ponderosa pine-two-needle
pinyon
ponderosa pine-limber pine
ponderosa pine-narrowleaf
cottonwood
ponderosa pine-quaking aspen
ponderosa pine-Douglas-fir
blue spruce-quaking aspen
narrowleaf cottonwood
narrowleaf cottonwoodponderosa pine
narrowleaf cottonwood-quaking
aspen
narrowleaf cottonwood-Douglasfir
quaking aspen
quaking aspen-white fir
quaking aspen-bristlecone pine
quaking aspen-Engelmann
spruce

POTR5-P1FL2
POTR5-PIPO
POTR5-PIPU
POTR5-PSME
PSME
PSME-ABCO
PSME-JUSC2
PSME-PIAR
PSME-PICO
PSME-PIED
PSME-PIEN
PSME-P1FL2
PSME-PIPO
PSME-POTR5

Populus tremuloides-Pinus flexilis
Populus tremuloides-Pinus ponderosa
Populus tremuloides-Picea pungens
Populus tremuloides-Pseudotsuga
menziesii
Pseudotsuga menziesii
Pseudotsuga menziesii-Abies concolor
Pseudotsuga menziesii-Juniperus
scopulorum
Pseudotsuga menziesii-Pinus aristata
Pseudotsuga menziesii-Pinus contorta
Pseudotsuga menziesii-Pinus edulis
Pseudotsuga menziesii-Picea
engelmannii
Pseudotsuga menziesii-Pinus flexilis
Pseudotsuga menziesii-Pinus
ponderosa
Pseudotsuga menziesii-Populus
tremuloides
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quaking aspen-limber pine
quaking aspen-ponderosa pine
quaking aspen-blue spruce
quaking aspen-Douglas-fir
Douglas-fir
Douglas-fir-white fir
Douglas-fir-Rocky Mountain
juniper
Douglas-fir-bristiecone pine
Douglas-fir-lodgepole pine
Douglas-fir-two-needle pinyon
Douglas-fir-Engelmann spruce
Douglas-fir-limber pine
Douglas-fir-ponderosa pine
Douglas-fir-quaking aspen

